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P R E V A C E. 


In the First Part and division of tliis work, instruc- 
tions are offered for performing the ordinary inajn[)ii- 
lations of analytical processes; to wliich is added, a 
description of the mode of preparing and apjdying 
the various reagents employed, including the means 
of detecting the* impuritu^s with which these* are 
occasionally containinated. 

The Second i^irt is devoted to the statement of 
the a])pearan(5es produced by the ])rincipal reagents 
when apjdied to various chemie^al substaiicjes. These 
appeai-ances constitute the groundwoi*k of a sys- 
tematic course of ojHU'ations to be perj’ormed in the 
((ualitative examluation of cA^ery variety of substances, 
Avliie-h forms t!ie subject of the Tliird Part. These 
instructions inchuh* the use of tiie mouth ])lowpipe 
in analysis, tlie analysis oi’ mixed gas(‘s, processes 
for the detection of poisons in oiganic mixtures, 
the analysis of urine and discrimination ol* urinaiy 
calcidi. 

In the l^^ourth and last division ol‘ this work, (juan- 
titative analj^sis is treati*d of. Tlie j)roc(*sses are 
there described by which all bodies which enter into 
the composition of familiar substances are se])arated 
and their Avcights determined, cjspecial attention being 
directed to all articles of commercial imj)ortancc. 
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This division concludes with a iriinuto account of 
the operations of organic analysis. 

A considerable number of the processes described 
arc those recommended by our two greatest autho- 
rities in analytical chemistry — llerzelius andliose; 
but several of the processes described are of recent 
invention, and new to treatises on the subject. Some 
of tliese will be found of considerable value. 

An Appendix is added, containing a description of 
]>rocesses for the complete analysis of crude j)otashcs 
and ores of manganeses, for the refraction of nitre, 
tlie va1uation^|j||tuano, the analysis of ashes of 
vegetaliles, anjjjj^iote on the analysis of soils. The 
mode of (calculating the atomiec constitution of a sub- 
stjuice from its per-centage composition, when known, 
is also described, Avith the methods of taking the 
specific gravity of matter in differcait (conditions ; and 
numerical tables are appended, whicli have becai 
fbrm<‘d to (^xpeditc the calculations of arial 3 \sis. 

Tli(‘ C( *!j.-.i(lerable enlargeinent of the present edition 
is princij)ally caused by the introduction of a much 
fuller ac(*onnt of the different reagents than the first 
edition contained, by an amplification of the second 
and third divisions on the subject of ([ualitativc? 
analysis, and l)y the introduction of sciveral imj)ortant 
processes fur tlie analysis or valuation of various 
articles of commerer. 
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CHEMICAL ANALYSIS. 


PJiEL I iMIN AK Y OliSER VA T1 ON S. 

The composition of any compound body may be expressed 
in the simple eleuicutwS which form its altiyiatc constituents, 
and also, very frequently, by otiier and less complex bodies, 
which, by their immediate union, (compose the substance in 
question, and are its jrroximate constituents. The substance 
alum, for example, is composed of four bodies, themselves 
compound, namely, alumina, potash, saljjhuric acid, and water: 
and each of these jnoximatc constituents is eomj)osed again 
of a j)air of elementary bodies; namely, alumina of «///- 
vtinum and oxipjen, potash of potassium and oxijpcn, sidjdiuric 
acid of sulphur and oxipjcn, and wat(‘r of hydrogen and oxygen: 
therefore the idtimate coiLstituents ot‘ alum are aluminum, 
oxygen, potassium, sulphur, and hydrogen. A cliemical 
analysis may liave for its object the se])aration of cither the 
proximate or idtimate constituents, but most generally of the 
former, at least in the department of inorganic chemistry. 
Thus, in an analvv^is of alum, tlie alumina, potash, sulphuric 
acid, and water are the substances j^ought, and the elementary 
composition of these bodies being known, the simple elements 
of which alum is composed are also dotennined. 

An analysis of any substance may be limited to the dis- 
covery of the number and nature ()f its constituents, or the 
analysis may extend to tlie determination of the proportion 
by weight of these constituents. Thus it might be ascertained 
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that alum contains sulphuric acid, potash, alumina, and water ; 
or, further, that the salt in question consists, in 100 parts, 
of 33’78 parts of sulphuric acid, 9*93 of jJotash, 10*82 of 
alumina, and 45*47 of water. An examination of the first 
kind, which does not develope more than the nature or quality 
of the constituents, is termed a qualitative analysis ; while an 
examination of the second kind, which emlraces the quan- 
tities of the constituents, is termed a quantitative analysis. 
The qualitative analysis of a substance is therefore iiide- 
j)endent of, and must necessarily precede, the quantitative 
analysis of the same body. 

The qualitative examination of a substance is very fre- 
quently confined to the detection of a single constituent ; for 
example, to the detection of sul|>h .ric acid in vinegar, and 
of a specified metal in an ore, all the other bodies which may 
be present being .neglected. In like manner, the quantitative 
examination of a substance is also often limited to the dis- 
covery of the proportion, by weight, of a single constituent, 
to the neglect of all the others ; for instance, of the proportion 
of available soda in the impure carbonate of soda, and of the 
proportion of real peroxide of manganese in the common ore 
of manganese. Analytical processes for attaining such ob- 
jects as the latter have acquired considerable importance of 
late yc'urs, from their constant application in estimating the 
real value of numerous articles of commerce. 

For the successful prosecution of the qualitative analysis of 
a substance, the operator should possess a certain skill in 
manipulations, and a familiar acquaintance with tests, their 
manner of application, and the appearances they produce 
when brought into contacjt with the substances for which he 
is, seeking. The principal manipulations of qualitative and 
quantitative analysis will be shortly described separately; then 
follow a list ol* the most important tests, a tabular view of the 
appearances which certain tests produce with the various 
substances whose presence is to be sought for, and a descrip- 
tion oi a systematic course of operations to be pursued in 
every case where the object is a complete qualitative analysis 
of an unknown substance. 
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PART 1. 

MANIPULATIONS AND UKAGENTS. 


CHAPTER L 

MANIl’ULATIONS IN QUALITATIVE ANALYSIS. 

1. The ordinary operations of qualitative analysis arc ex- 
ceedingly simple^ and easy of execution, usually consisting of 
litti3 more than merely mixing a reagent with the solution oi’ 
le substance to be analysed. The remjmt is so named from 
Its producing, when placed in contact witl) another substance, 
a particular appearance or change, the reactioiu by which tlu* 
presence of a particular substance is indicated. The reagent 
is also often referred to as the tAint or test-lhpiuL The aj)- 
pearance which results from the application of the reagent or 
test to the substance under examination, should always, 
therefore, lead to a positive conclusion respecting the pre- 
sence or absence of the ingredient sought for. 

2. In all ordinary cases, the reagent is applied in solution 
to the substance to be analysed, the latter being also in a 
state of solution. The liquid em]>loyed for effecting solution 
(which is named the solvent)^ whether of the reagent or the 
substance under examination, should be pure distilled water, 
if the body is soluble in tliat liquid, unless a special direction 
is given to the contrary. Substances that are insoluble in 
water are commonly dissolved in strong acid liquids. For 
an account of the mode of obtaining solutions of substances 
insoluble in water, see the remarks at the commencement 
of the chapter on the analysis of Silicates (Part III.). 

The reagents which arc freely soluble in water should not 
be employed in qualitative investigations in the state of satu-- 
rated solution^ that is, of a solution containing as much of the 
substance as it is capable of holding at a given temperature. 
For use in qualitative analysis, the solutions of the reagents 
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may contain, in general, one part of the dry substance to 
twenty or thirty parts of pure Avater. 

^ 3. The mixture of the solution of the 

substance to be analysed, and the solution of 
the reagent may be conveniently made in 
test glasses, resembling ordinary conical 
wine glasses, provided with a spout for the 
convenience of pouring liquids into a tube 
or flask, with the view of applying heat, an 
. operation frequently necessary. The liquids 
are mixed in the test glasses by stirring 
them together briskly with a glass rod. A 
test glass should be clear and colourless ; it 
should neither run down to a point within, 
nor should the bottom be flat, but gently 
rounded. Such a glass is represented in Jiff. 1 . 

4. If the quantity of material to be operated on is small, the 

mixture with the reagent may be made on a flat piece of 
glass, using only one or two drops of the solution of the sub- 
stance to be analysed, and applying the test from the ex- 
tremity of a glass rod. The same thing may be done in a 
Avatch-glass, where it is necessary to apply heat ; or if the 
reagent produce a change of colour, in a small por- 2 . 
celain capsule, held in any convenient tnanner over ? 

a gas or a spirit-lamp flame. 

5. It is advisable, however, in general to operate 
oil small quantities, and to apply the test drop by 
drop, as it frequently happens that a very different 
effect is produced by the same reagent Avhen added 
in large, to what is produced in small quantities; 
differences which are highly characteristic, and only 
perceived when the test is applied in a gradual 
manner. 

6. Instead of test glasses, test tubes (Jiff. 2.) are 
frequently employed, possessingas they do the advan- 
tage over glasses of allowing heat to be applied 
without transferring the liquid into another vessel. 

A convenient size for ordinary use is five inches in ^ 
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length, by three quarters of an inch in diameter. The 
mixture of the two substances must be effected by agitation. 

7. The effects exhibited by some particular tests are not 
immediately perceptible, but are seen only after a certain 
time has elapsed : in such a case the mixture containing the 
reagent must be allowed to stand a few minutes, a mark 
distinguishing what test has been added being applied to 
prevent mistakes. 

8. The effect which follows the application of a reagent 
to the solution of the substance under examination, from 
which effect a conclusion concerning the composition of the 
substance is to be drawn, is In most cases the production of 
a 'precipitate; in some instances, (jflfcrvescence, that is, the disen- 
gagement of bubbles of a gas, and in others the development 
of a particular odour or colour. Precipitation is the process of 
producing a solid from a liquid, commonly in a sudden and 
not in a gradual manner, and as a result of the addition of 
another substance to the liquid. The separated solid is 
termed the precipitate, whether it subsides to the bottom, 
rises to the surface, or remains diffused through the liquid. 
Crystallization also consists in the production of a solid out of 
a liquid, but the latter process differs from precipitation in 
the^deposition of tlie solid body being gradual and consequent 
on the removal, by evaporation, of the liquid by which it was 
held in solution. 

Precipitates arc distinguished according to their appear- 
ance, as curdy, gelatinous, crystalline, flocculcnt, pulverulent, 
&c. When solutions of common salt and nitrate of silver 
are mixed together, a curdy precipitate falls, consisting of 
chloride of silver; solution of alum with ammonia gives a 
gelatinous precipitate of alumina ; solution of chloride of po- 
tassium with a strong solution of tartaric acid, in excess, gives 
a crystalline\)Y^Q\\AiiiiQ of bitartrate of potash (cream of tartar); 
a dilute solution of the persulphate of iron with ammonia 
gives a Jlocculent precipitate of the peroxide of iron ; and a 
solution of acetate of lead with sulphuric acid gives a pulve- 
rulent precipitate of sulphate of lead. 

9. It is often necessary in qualitative analysis to ascertain 

B 3 
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the action of a test liquid on a precipitate which has been pro- 
duced in the course of testing ; this may, in general, be done 
in the same test glass or tube in which the first testing was 
performed, the supernatant liquid, if the precipitate subside 
readily, being poured off. Stirring with a glass rod, and the 
application of heat, frequently assist the subsidence of a pre- 
cipitate. When the supernatant liquid contains something 
in solution which interferCwS with the action of the liquid to 
ho added, the precipitate must be collected on a ‘filter and 
washed with distilled water, until perfectly cleaned from the 
interfering substance. This can be performed by means of 
a small paper filter held in a glass funnel, some appropriate 
test being applied to ascertaiti when the liquid which passes 
through the filter is perfectly pure. The precautions to be 
observed in the process of filtration are described in the fol- 
lowing Section, on the ordinary manipulations of quantitative 
analysis. 

One of the most useful instruments of research in qual- 
tative analysis is the mouth blow-pipe ; a chapter of the Third 
Part of this work is devoted to an account of the manner 
of using this instrument. 
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CHAPTER II. 

MANIPULATIONS IN QUANTITATIVE ANALYSIS. 

10. The manipulations of quantitative analysis are, in 
general, equally simple as those of qualitative analysis, but 
require to be performed with extreme care and attention. 
The ingredient whose amount is to be ascertained is commonly 
either 

(1.) Separated from its solution in the solid form hi/ preci- 
pitation; or 

(2.) It is expelled in a volatile state from a known weight of 
the material to he analysed; or 

(3.) Its amount is determined hy ohserving what quantity is 
required of another substance to produce a given effect on the 
ingredient to he estimated ; or 

(4.) Being in solution associated with none hut volatile suh^ 
stances^ it is separated by evaporation to dryness, 

11. In cases of the first kind, a known weight of the Sub- 
stance to be analysed is obtained in a state of solution ; and 
the constituent whose amount is to be determined, after being 
precipitated in the solid state, all the other constituents re- 
maining in solution. Is collected with several precautions, and 
obtained in a fit state to be weighed. In tliis manner, for 
example, the quantity of oxide of copper contained in sul- 
phate of copper (blue vitriol) is determined. The sulphate 
of copper is dissolved In hot water, and caustic potash in ex- 
cess is added to the hot solution to precipitate black oxide 
of copper, which is collected on a filter and dried with certain 
precautions, and weighed. 

12. In cases of the second kind, the weight of the original 
substance being known, the weight of the particular ingre- 
dient can be ascertained from the loss of weight which occur 
on its expulsion. Sometimes the volatilized substance is re- 
collected and procured in a state fit to be weighed. For ex- 
amples of processes of this nature, see the modes of estimating 

n 4 
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carbonic acid in carbonates, water in hydrates, and ammonia 
in ammoniacal salts, and the processes of organic analysis. 

13. In analytical processes of the third kind, the substance 
to be analysed is mixed with a reagent capable of producing 
a certain obvious change on the particular ingredient to be 
estimated, the amount of which is known by the quantity of 
the reagent necessary to be applied in order to complete the 
change. For example, tlie quantity of real alkali contained 
in a solution of soda-ash is ascertained by the quantity of 
dilute sulphuric acid of known strength, necessary to be ap- 
plied to the soda to destroy its alkaline re-action on test-paper. 
(See the processes of alkalimetry and chlorimetry ; and for 
other examples of operations of this kind, see the valuation 
of ores of manganese and copper ores, and a process for 
ascertaining the amount of sulphur in sulphureous mineral 
waters ). 

14. One or nibn* o(‘ the constituents of a compound body 
having heim already separated by precipitation, only one 
n{m- volatile substance remaining in solution, the weight of 
the latter is frequently obtained by evaj)orating the solution 
to dryness, and weighing the fixed residue. In this manner, 
the fixed alkali(;s, [)otash and soda, are commonly estimated. 
(See also a ])iocess for the analysis of brass, in which the 
zinc is estimated in this way.) 

lo. The amount of one ingredient can also be estimated 
indirectly when the whole quantity of the other ingredients 
has been obtained, the loss or deficiency on the original weight 
then evidently representing the proportion present of that 
particular substance. 

By far the larger, number of analytical operations are of 
the first description ; tliat is, a substance is separated in the 
solid state from a solution of the material operated on. Ge- 
neral directions for the perfonnance of such operations only 
will b(i given at present ; the manipulations for the others 
will be described afterwards, when treating of the particular 
substrtiices to which such operations refer. 

1 6. Precipitation from a solution is the means usually em- 
ployed to obtain an ingredient of a compound in a solid or 
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fixed form. The original combinations of the material to be 
analysed, or of the substances into which* it may be con- 
verted by the act of solution, are then broken up : each par- 
ticular ingredient whose amount is the object of inquiry 
being either (1.) combined with another substance, and form- 
ing a new insoluble compound (in which it is contained in 
known proportions, and which is capable of being weighed), 
or (2.) being in its own natural condition insoluble, although 
held in solution by the substance to which it was united 
in the material under examination, that combination is de- 
stroyed, the ingredient assumes its natural insoluble con- 
dition, and is therefore precipitated. Thus, in the analysis 
of chloride of mercury (corrosive sublimate), for instance, to 
obtain the proportion of chlorine^ the chloride of mercury is 
dissolved in water, and nitrate of silver added to the solution. 
The combination of mercury with chlorine is thus destroyed, 
not a particle of clilorlde of mercury remaining, if sufficient 
nitrate of silver has been added. The chlorine unites with 
silver, forming a new insoluble compound, chloride of silver, 
capable of being weighed, and containing constant and known 
proportions of chlorine and silver. Next, to obtain the mer^ 
vunj^ to a solution of tlic chloride of mercury, protochloridc 
of till is added. The original combination of mercury with 
chlorine is, as before, broken up ; the protochloridc of tin 
acquiring all the chlorine of the chloride of mercury, that 
metal is set free, precipitates, and may be collected and 
weighed. From the weight then of the chloride of silver 
(100 parts of which contain 24’67 parts of chlorine), the 
amount of chlorine becomes known : the mercury is ascertained 
by direct weighing. 

1 7. The first point to be attended to in precipitation is, 
that both the solution of the substance to be analysed, and 
of the precipitant or reagent employed, be made perfectly 
clear by filtration through paper ; for it is obvious that any 
solid matter diffused through either of the solutions would 
be carried down by, and afterwards separated with, the 
precipitate whose weight is to be ascertained, thus producing 
a fallacious result. 
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18. To add precisely the proper quantity of the precipitant 
18 difficult, but rarely necessary, as an excess in most cases 
produces no greater inconvenience than a little longer 
washing on the filter : to be assured that a sufficiency has 
been added, the precipitate must be allowed to subside, and 
the reagent dropped carefully into the supernatant liquid, 
when it will be seen whether an additional precipitate is 
formed or not. If a precipitate is formed, of course a 
further quantity of the precipitant must be added, and the 
examination repeated. 

19. The subsidence and aggregation of a precipitate are 
favoured in various ways : the most usual is by heating the 
liquid ; so advantageous, indeed, is this means, that it would 
be advisable to follow as a general rule, always to precipitate 
while warm, and to boll the liquid gently for a few minutes 
after precipitation. Next to heating, agitation with a glass 
rod, and the addition of an acid or an alkali, are the means 
usually adopted; but the employment of the latter must 
be guided by the nature of the particular substances ope- 
rated on. 

When heat is to be applied, a con- 
venient vessel to perform the precipi- 
tation in, is a porcelain bason, not very 
shallow, having a capacity of about 
twelve or fourteen ounces 3.). A 
glass beaker vcsst'1, that is, a jar thin at bottom and with a 
. — spreading edge at top i^fig^ 4.), is also 

a very useful for applying heat ; but 

where heat is not requisite, a common 
glass tumbler, having a spout for con- 
venience in pouring from, may be em- 
ployed. It will be found useful to have 
different sizes of these tumblers and 
beakers. It is unnecessary for the bottoms of the tumblers 
to be more than one eighth of an inch thick. 

20. The next operation in order is filtration. This is done 
by means of a paper filter, formed by doubling twice a cir- 
cular piece of filtering paper so as to form a quadrant, and 
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then opening one of the folds, as shown in jig, 5. The 
filter is supported in a glass funnel, 
which is itself held in any con- 
venient manner, a vessel being 
placed below the funnel to receive 
the filtered liquid.* Before pour- 
ing the turbid liquid on it, the 
filter should be wetted with a few 
drops of distilled water, without 
which precaution the liquid would not at first pass through 
clear. As the loss of a single drop of the liquid might render 
the operation worthless, its transference to a filter must always 
be directed by a glass rod applied to the Hj) of the con- 
taining vessel, and held nearly perpendicular, with its ex- 
tremity very near but not touching the filter 6.). 

21. It invariably happens in 
precipitations, that the preci- 
pitate carries down with it a 
sensible quantity of the soluble 
salts present in the solution (the 
precipitant for instance), so that 
to obtain the precipitate in a 
pure state, not only must the 
liquid itself* be washed from the 
solid precipitate with pure dis- 
tilled water, but the washing 
requires to be continued long 
after the solution has passed 
through, in order to remove all the soluble salt attached to 
the })recipitate. This is done most effectually by hot water, 
an appropriate reagent being occasionally applied to the wash- 
ings to ascertain w^hether the salts are still being washed out. 
A delicate^ indication of the presence of any salt which is not 
volatile, is afforded by evaporating a few drops to dryness 
on a clean ’piece of platinum foil, a minute trace of the salt 

* An excellent filtering paper is sold by Messrs. R. Griffin and Co. of Glas- 
gow, from whom filters of various sizes, already cut, may also be procured. 'Fhcy 
likewise supply all the other articles required in analysis. 


Vig. G, 





Fig. 5. 
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causing a very perceptible stain, which could not occur with 
pure distilled water. So long as this stain is observed, the 
washing must be continued. There are a few precipitates 
which, being slightly soluble, must not be washed for a con- 
tinued length of time : the cases in which this precaution is 
necessary to be observed will be mentioned subsequently. 

22. Supposing the washing complete, the next step is to 
obtain the precipitate in a state of perfect dryness, which, 
if the substance is not volatile or decomposable at a high 
temperature, is effected by ignition at a red heat. Before 
ignition, however, it must be dried as completely as possible, 
without removing from the filter, at a temperature of about 
180 ° or 200 ° Fahr., in an oven or drying stove, or in a 
plate on the sand-bath. This done, the substance to be 
weighed must be transferred to a small crucible, the weight 
of which is ascertained immediately before using, and which 
should not exceed 300 or 400 grains, that the delicacy of 
the balance may not be impaired. For ordinary use, a small 
platinum crucible (j^y. 7.) is by far the most 
convenient, a common spirit lamp with a 
large flame affording in general a sufficient 
degree of heat. When a substance is to 
be ignited which might corrode platinum *, 
a crucible of Berlin porcelain is employed. 
The transference of the precipitate to the 
crucible, without losing the minutest por- 
tion, is the most delicate part of the whole 
operation. Place the crucible, with its 
lid removed, in the centre of a sheet of highly glazed 
coloured paper ; with the assistance of a clean platinum spa- 
tula transfer the bulk of the precipitate to the crucible, and 

* Platinum vessels rnnst never be made use of when the subject* of operation 
is a metal, a caustic alkali, nitre, sulpliur, or a sulphurct; nor should any me- 
tallic compound easy of reduction, or a phosphate, be heated in a platinum 
crucible when ojganie matters arc also present. C-onlact with lead and organic 
compounds containing lead should be most scrupulously avoided. When heated 
in a fire-pUi e, the platinum crucible should not be exposed naked to the fire, 
but be enclosed in an earthen crucible, as the ashes of the coal or coke exert a 
very injurious action on platinum vessels, the platinum combining with the 
silicon in the ashes to form a silicurct of platinum. 
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hold the filter by means of* a forceps at that part which, 
being folded, contains none of the precipitate, immediately 
over the crucible. Apply a light to the filter, and burn it 
completely, allowing the precipitate to fall into the crucible, 
and so regulating the combustion that the flame shall reach 
last that part of the filter held by the forceps, otherwise 
(unless the crucible bo large enough to retain it) it will fall 
on the glazed paper while burning. In this way, it some- 
times happens* that the filter may be completely burned, 
although more frequently a carbonaceous residue remains, 
which must be afterwards burned by allowing air to have 
access, by lifting the cover when the crucible has obtained a 
full red heat. 

The mode of applying heat may depend greatly on the 
convenience of the operator. It has been stated, that if a 
small platinum crucible is employed, the temperature af- 
forded by an ordinary spirit lamp is sufficient. In other cases 
the heat of an open fire, of a stove, of a spirit lamp with a 
double current of air, or of an inflammable mixture of air 
and coal gas, is more convenient. If an open furnace or 
stove be employed, the crucible, whether of platinum or of 
porcelain, should never be introduced naked into the fire, but 
always be enclosed in a Cornish or Hessian crucible. The 
spirit lamp with double current of air, or Kose lamp, is a 
very ready means of obtaining an intense heat {Jtg. 8.). 

The principle (»f its construc- 
tion is the same as that of the 
Argand oil lamp, a current of 
air being supplied to the inte- 
rior as well as to the exterior 
of the flame. In the figure, 
the chimney is represented at- 
tached to the lamp by a hinge, 
by which means ready access 
to the wick is obtained for the 
purpose of trimming. The 
only objection to the use of 
this lamp is the large quantity of spirit it consumes. 
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Where coal gas can ]>c commanded, an excellent source 
of heat is the combustion of an inflammable mixture of gas 
and air, which affords a degree of heat equal to that pro- 
duced by the liose lamp, at a much less expense. The mix- 
ture of gas and air is made in the chimney ; a wire gauze is 
fastened over the top, above which the flammable mixture 
is ignited. The annexed cut (/%r. 9.) represents the entire 

arrangement : a is 
a copper cliimney 
supported by a re- 
tort ring, having a 
ridge or pegs for 
this purpose on 
the outside : the 
bottom is open to 
admit air ; b is 
the gas jet, the 
extremity of which 
is near the bottom 
of the chimney. 
The crucible to be 
ignited is sup- 
ported over the 
flame on a trian- 
gular piece of iron 
wire plaeed on another ring of the retort stand ; c is a second 
chimney or jacket to be placed over the crucible to create a 
constant and equal draught. The proportion of gas and air 
is regulated by the stcipcock d, and by raising or depressing 
the chimney over the extremity of the gas jet. The flame 
should not burn yellow, but with a clear blue colour, and 
ought not to produce any deposit of carbon on a solid held 
in it. A little (experience will show what kind of flame 
produces the most intense heat. 

If the filter has been completely burned, a few minutes’ 
exposure to a red heat is all that is farther necessary. The 
crucible may then be removed, allowed to become quite cold 
with its cover still on, and weighed. The weight of the 
enqjty crucible must be ascertained, both immediately before 
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and after the ignition : if any appreciable difference exists in 
the two weighings, and its cause is not obvious, the analysis 
must be rejected. 

23. The ash of the filter in which the precipitate was col- 
lected has been weighed with the latter, for which an allow- 
ance must obviously be made. If the weight of the ash .was 
not previously known, a similar filter to the one used may be 
burned, and the ash weighed by itself, or placed with the* 
weights in the opposite pan of the balance. The most con- 
venient way is to use filters of particular sizes and weights, 
and to have previously ascertained the proportion of ash con- 
tained in the paper by burning a known weight, calcining 
the residue in a platinum capsule, and weighing. 

24. Such is the course to be Jidopted in the drying and 
ignition of precipitates which are not volatile at a red heat. 
When, on the contrary, the precipitates arc volatile, as fcr 
instance, calomel and sulphuret of mercury, or when they 
undergo partial decomposition at a high temperature, a 
different routine must be followed. The filter in which the 
substance is collected must then be weighed before filtering, 
and the substance and filter weighed together after drying ; 
but some precautions arc required to do this with accuracy. 
Before a filter is weighed, it must be rendered perfectly dry 
by holding it a few minutes near the fire ; it is then intro- 
duced folded, cither into a platinum crucible carefully closed 
with its lid, or into a glass tube sealed at one end, and closed 
at the other with a cork, the outside of which is coated with 
sealing-wax. This being weighed, the filtration may be pro- 
ceeded with. The precipitate and filter, washed, and dfied 
in an oven at a temperature of about 200°, or in a water- 
bath at 212°, is introduced into the same crucible or tube 
and weighed. After a second heating, if the weight be the 
same as at ^first, the substance may be considered as dry ; if 
not, the heating must be continued until the weight becomes 
constant. The increase on the original weight of the filter 
and containing vessel gives, of course, that of the substance. 

Such arc the general directions which may be given for tlie 
performance of the ordinary operations of precipitation, fil- 
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tration, and ignition. But there are many analytical opera- 
tions which must be performed in a manner entirely differ- 
ent from what has been described ; and others, in which a 
modification merely of the process is necessary. These, how- 
ever, are so numerous and varied, that a description of the 
ma^^ipulations of each method would constitute almost an 
entire description of the processes, which must necessarily be 
reserved for tliat portion of the work which treats of actual 
analysis. We proceed, then, to the consideration of those 
characters of chemical substances by which they may be dis- 
tinguished from each other, or to the subject of qualitative 
analysis. Before studying these characters, however, it will 
be necessary to notice the principal reagents employed, their 
ordinary impurities, and the manner of obtaining them in a 
state of purity 



KEAGENTS. 


17 


CHArXER III. 

KE ACS ENTS. 


Reagents or tests arc substances which arc employed to 
determine the presence of other bodies by tlie })roductIoii of a 
particular appearance which attends the mutual action of tlie 
reagent and tlie other substance. If this ap])carance is well 
marked, and exhibited only when two definite bodie s arc 
placed in contact with each other, the presence or absence of 
one of them in a given mixture may obviously be proved by 
the application of the other. When, for exami)le, a solution 
of the yellow prussiate of potash is placed in contact with 
a solution containing the peroxide of iron, a deep blue preci- 
pitate is formed consisting of Prussian blue, the colour of 
which is instantly destroyed on mixing the precipitate with 
an excess of a caustic alkali, but is not aflected by acids, 
though but slightly diluted. Now, a precij)itate jjossessed of 
these characters Is formed only on the admixture of prussiate 
of potash with a solution containing iron ; hence either of 
these substances serves us a reagent for detecting the pre- 
sence of the other. 

Reagents must, in general, be used only in a state of per- 
fect purity, otherwise the conclusions to which they lead may 
be fallacious. The manner of ascertaining the presence of 
those impurities which are most likely to contaminate re- 
agents, from the maimer of their production, are pointed out 
in the following description of the most important of those 
bodies. The reagents here noticed are the following : — 


1. Sulphuric acid. 

2. Hydrochloric acid. 

3. Nitric acid. 

4. Nitro-muriatic acid. 

5. Tartaric acid. 

6. Sulphurous acid. 


Oxalic acid. 

8. Acetic acid. 

9. Potash. 

10. Carbonate of potash. 

1 1 . Carbonate of soda. 

12. Ammonia. 
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IS. Carbonate of ammonia. 

14. Oxalate of ammonia. 

15. Sulphuretted hydrogen. 

16. Hydrosulphate of ammonia. 

17. Chloride of platinum. 

18. Phosphate of soda. 

ly. Yellow prussiate of potash. 

20. lied prussiate of potash. 

21. Infusion of galls. 

22. Chromate of potash. 

23. Protochloride of tin. 

24. (diloride of lead. 

25. Sul})hate of lime. 


2(). Antimoniate of potash. 

27. Muriate of ammonia. 

28. Caustic barytes. 

29. (Chloride of barium. 

.30. Nitrate of barytes. 

31. Acetate of lead, 

32. Nitrate of silver. 

33. Ammonio-nitrate of silver. 

34. Iodide of potassium. 

35. Sulphate of indigo, 

36*. Starch. 

37. Test papers. 

38. Water. 


1 . Sulphuric acid. — In qualitative analysis, sulphuric acid 
is occasionally used as a solvent for bodies insoluble in water, 
but ])rlncipally for the detection of barytes, lead, and stron- 
tian, which arc precipitated from their solutions by sulphuric 
acid ; and for the detection of many acids which arc liberated 
from their combinations with bases by sulphuric acid, by 
virtue of the stronger affinity of the latter for the bases. Tlic 
concentrated acid (oil of vitriol) should be diluted with 
eight or ten measures of distilled water, when required as a 
test for barytCvS, lead, and strontian. P\>r other purposes, sul- 
])huric acid is sometimes employed in a concentrated, and 
sometimes in a diluted state. 

Tlie imjmritics with which commercial suljdinric acid is 
apt to be contaminated are nitric acid, sulphate of lead, 
arsonious acid, and oxide of tin. If the acid, when boiled 
with a few drops of a solution of sulphate of indigo (page 36.), 
docs not discharge the colour of the latter, the absence of 
"nitric iicid may be inferred. Oil of vitriol ought not to 
become turbid when diluted with five or six limes its bulk of 
water. If it does, this arises from sulphate of lead, which is 
soluble in the strong, biibnot in the dilute acid. By dilution 
and subsidence, the sulphate of l(‘ad can be removed, and the 
acid used as a test for most piir]>oses. If the diluted and de- 
canted acid affonls a T>recipitate when exposed to siilphiircttcd 
hydrogen gas, this may be due to the presence of arsenious 
acid and protoxide of tin; arsenious acid produces a yel- 
lowish, and protoxide of tin a dark hrowm precipitate. For 
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other means of discovering the presence of arscnloiis acid, 
see the chapter on the detection of poisons. 

When sulphuric acid is required pure, and in a concen- 
trated state, it is best obtained by distilling oil of vitriol, the 
portions which first distil over being- rejected until they are 
found to be free from nitric acid by the test of sulphate of 
indigo. 

2. Hydrochloric acid, — This acid is extensively used in 
qualitative analysis, as the solvent for minerals and other 
substances insoluble in water ; and as a special reagent, it is 
used for the detection of silver and sub-oxide of mercury. 
For the latter purposes, a solution of common salt (cliloride 
of sodium) may frequently be substituted for . hydrochloric 
acid. (Sec also Chloride of Lead, 24.) 

The hydrochloric acid of commerce is always contaminated 
with impurities which render it quite unfit lor general use as 
a reagent. The impurities always present are sul])huric 
acid and iron ; besides these there are sometimes found sul- 
j)hurous acid, free chlorine and arsenic. The presence of 
sulphuric acid is indicated by the production of a precipitate 
when a few drops of a solution of chloride of barium ai’e 
added to the acid. If the acid, after being first neutralised 
with ammonia, becomes black on the addition of hydro- 
sulphate of ammonia, it contains iron. If sulphurous acid is 
present, the acid, after being heated with a little nitric acid 
to convert the sulphurous acid into sulphuric acid, affords a 
precipitate with chloride of barium. The presence of sul- 
phurous acid may also be easily detected by saturating the 
hydrochloric acid with carbonate of soda, then adding a little 
solution of starch and a few drops of a solution of iodate of 
potash or soda, after which some sulphuric acid is applied by 
drops to set free iodic acid, and, if present, sulphurous acid ; 
these acids react on each other with liberation of iodine, 
which is immediately recognized by the production of a blue 
colour with the starch. The absence of a blue colour is 
therefore an indication of the absence of sulphurous acid. 
To discover the presence of free chlorine in hydrochloric acid, 
the latter is boiled with a few drops of a solution of sul[)hate 

C 2 
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of indigo, the blue colour of which is discharged by a very 
minute fiuantity of free chlorine at the boiling tcinpcrature, 
but is not affected by pure hydrochloric acid. Free chlorine 
and sulj)hurous acid are never found together in hydrochloric 
acid. If the acid (contains arsenic, it affords a yellowish pre- 
cipitate when exj)oscd to sulphuretted hydrogen gas ; but if 
it is ])ure, that gas produces no effect on it whatever. (Sec 
the modes described for the discovery of arsenic in the chapter 
headed Detection of Poisons.”) 

Another test to whicli liydrochlorlc acid should bo sub- 
jected before being used in analysis, is evaporation to 
dryness, to ascertain whetlicr it leaves a fixed residue. For 
this ]Mir})ose, a drop or two of the acid may be placed on a 
picice ()1‘ ])latinum foil which is held in the flame of a spirit 
lain]) until dry. The pure acid volatilizes completely, but 
the commercial acid leaves a fixed matter, consisting usually 
of sul[)hate of soda and oxide of iron. 

Pure hydrochloric acid may be conveniently prepared by 
gently heating In a retort a mixture of eight ounces of the 
best patent salt with ten measured ounces (that is, a measure 
equal to ten ouijccs of water) of oil of vitriol of sp. gr. P650, 
fi’ce from nitric or nitrous acid*, and conducting the hydro- 
chloric a<;i(I gas, tlam disengaged, into a vessel containing ten 
ounces of distilled water. The receiver should be kept as 
cool as possible by the external application of cold water ; the 
licak of the retort should be raised so as to prevent any of the 
mixture of salt and sulphuric acid from falling into the 
receiver, and the hydrochloric acid gas should be conducted 
into liie receiver from the end of the beak of the retort by a 
bent tube, just long enough to reach to the surface of water 
in the receiver. For ordinary purposes the product may be 
diluted with water until its specific gravity is Pll. 

3. Nitric acid, — The ]iriucipal use of nitric acid in analy- 
sis is as a solvent of substances wJrich are insolubld in water. 


♦ Tf the sulphuric acid is contaminated with nitric or nitrous acid, the hydro- 
chloric acid obtained by it contains free chlorine. All the chlorine, however, 
will be contained in the first products th.'it come over, which may he received 
separately. 
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particularly sulphurcts and metals, whicli it converts into 
oxygenated products possessed of solubility. 

The nitric acid of commerce is generally containiiiated with 
sulphuric acid and chlorine; the former is detected by the 
production of a white precipitate when a drop or two of a 
weak solution of nitrate of barytes is added to the diluted 
acid ; and the chlorine is detected by tlic formation of a. white 
precipitate with a solution of nitrate of silver. If the 
acid is pure and diluted, no change is ])roduced on the 
application of either of these reagents. When evaporated on 
a 2 )lece of tdatinum foil, nitric acid should leave no residin'. 

Pure nitric acid may be easily procured from the acid of 
commerce by adding a little nitre to arrest the sulphuric acid 
present, and then gently distilling in a retort nearly to dry- 
ness. All the chlorine comes over with the iirst jiroduets, 
and should be received sejiarately from the remainder. If 
nitric acid contaminated with chlorine is heated in an open 
A’cssel the chlorine is expelled almost belbrc the acid begins 
to volatilize. The brownish tinge which nitric acid ol‘ten 
jiosscsscs, is due to the jiresence of nitrous acid, which may 
also be removed by boiling, if necessary ; but it rarely hap- 
jiens that the jircsence of nitrous acid is an inconvimience. 

4. Nitro-rrmriatic acid^ or aqua rc<jia, — This acid, whit'h 
is prepared by siinidy mixing about three incasun^s of j)nrc 
hydrochloric acid with one measure of |)urc nitric acid, is the 
most jiowerful solvent we iiossess for the generality of metals 
and sulphurcts. AVhen nitric and hydrochloi’ic acids arc 
brought together, decoinjiosition ensues, with iiruduction of 
w^ater, hyponitric acid, and free chlorine : this mutual decom- 
position of the nitric and muriatic acids is suspended when 
the liquid is saturated with chlorine, but immediately re- 
commences if the chlorine is removed by the application of 
heat, “or by the introduction of a substance cajiable of ab- 
sorbing free chlorine. 

A mixture of chlorate of .j)otash and dilute muriatic acid, 
whicli also yields free chlorine, may often be advantageously 
substituted for aqua regia ; in effecting the solution of sul- 
phurets, for instance. 
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5. Tartaric acid. — Tartaric acid is principally used as a 
means of distinguislimg between potash and soda^ as it pro- 
duces a sparingly soluble preci])itate in solutions of potash 
salts, but none in solutions of soda salts. The usual impu- 
rities of tartaric acid, as met with in commerce, arc sulphuric 
acid and a salt of lime. A moderately dilute solution should 
not produce in salts of barytes a precipitate insoluble in nitric* 
acid ; nor should oxalate of ammonia cause a precipitate after 
ihe acid has been neutralized by ammonia. Tartaric acid 
is purified by re-crystallization. 

6. Sulphurous add. — Through the strong disposition of 
sulphurous acid to unite wdth oxygen and become converted 
into sul{>huric agid, it is frequently used as a powerful de- 
oxidizing agent, and as such, finds applications in analysis, 
both qualitative and quantitative. Some sulphites of metallic 
oxides, when their solutions arc boiled, are completely decom- 
posed, and the whole of the metallic oxide is precipitated, 
while other sulphites in the same condition remain wholly 
in solution. On this circumstance arc founded processes for 
the (quantitative sej)aration of one class of metallic oxides 
from another class. In cases where the introduction of a free 
acid is not admissible, sulphite of ammonia may be employed 
instead of sulphurous acid. 

Sulphurous acad is apjdicd in the state of a solution in 
water, prepared by heating in * a flask half an ounce of 
powdered charcoal with three ounces, by measure, of oil of 
vitriol, and conducting the evolved mixture of carbonic 
acid and sulqdiurous acid gases through a tube into a bottle 
of cold water, until the water is saturated with the sul- 
phurous acid. The solution should be preserved from ex- 
posure to the atmosj)here as much as possible, and never 
be used unless it possesses a powerful odour of suljihurous 
acid. 

7. Oxalic acid. — Oxalic acid is principally used for the 
detection and csthiuitioii of lime, which it precijjitates com- 
pletely from its solutions, if the stronger acids, hydrochloric 
and nitric, are not present in the free state. Other earths 
besides lime are precipitated by oxalic acid; l)iit the pre- 
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cipltates with these, unlike that with lime, are soluble in an 
excess of oxalic acid. 

Oxalic acid is impure if it deliquesces or leaves a fixed 
residue on ignition. Its crystals should be colourless ; their 
solution should give no ])reclpltate with a diluted solution of 
a salt of barytes (sulphuric acid), nor should it bleach a dilute 
solution of sulphate of indigo, when boiled with that reagent 
(nitric acid). Commercial oxalic acid may easily be rendered 
perfectly pure by two or three crystallizations, the mother 
liquors being rejected. (See Oxalate of Ammonia, 14.) 

8. Acetic acid, — Acetic acid is principally used as a sol- 
vent, and for acidulating solutions, in cases where a stronger 
acid, as hydrochloric, could not be properly applied. Ik4<)rc 
being used in analysis, acetic acid, if commercial, should be 
tested with a dilute solution of nitrate of silver for hydro- 
chloric acid, with chloride of barium for suljdiuric acid, by 
boiling with sulphate of indigo for nitric acid, and with 
chloride of barium after being boiled with nitric acid for 
sulphurous acid. It should leave no residue on evaporation, 
and should yield no precipitate wlien mixed with an excess 
of an alkaline carbonate. 

9. Potash. — When a solution of caustic potash is mixed 
with a solution containing almost any metallic or earthy s.alt, 
the base is j)rccij)itated through the affinity of tlic potash for 
the acid previously in combination with the precipitated base, 
which may often be recognized merely by a peculiarity in its 
colour. Of the bases thus precipitated, several may be com- 
pletely re-dissolved on applying an excess of the alkali, as 
alumina, oxide of chromium, and oxide of zinc ; while others, 
as oxide of copper, oxide of iron, and oxide of bismuth, remjiin 
undissolved, whatever amount of excess of potash is applied. 
One of these classes of bases may therefore be separated from 
the other class by means of potash. 

To prepare a solution of caustic potash, two parts of car- 
bonate of potash are dissolved in twenty parts of water, and 
the solution is boiled in a covered iron vessel with one part of 
lime, weighed as quicklime, but slaked with water before 
being mixed with the carbonate of potash. After boiling for 

c 4 • 
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about a quarter of an hour, if a portion of the clear liquid 
from which the carbonate of lime has subsided or been se- 
parated by filtration, effervesces when poured into muriatic 
acid, a little more lime may be added, and the boiling be 
continued until effervescence with muriatic acid ceases; the 
carbonate of lime is then alloVved to settle, and the clear su- 
pernatant liquid is decanted for use. 

Solution of caustic potash is usually contaminated with 
carbonate of potash, 8ul])hate of potash, and chloride of po- 
tass! mn. If it contains carbonate of potash, it effervesces 
when saturated Avith an acid. After being neutralized with 
nitric acid, it ought not to give a j)rcclpitatc with nitrate of 
silvei-, nor with nitrate of barytes. By eva})oration until of 
the specific gravity 1-250, all the sulphate of potash is de- 
posited : the supernatant liquid, decanted, may be diluted for 
general use ; but it will then probably contain some car- 
bonate. If rc(pxlrcd absolutely pure, it must be made from 
carbonate of 2 )otash prepared from the bicarbonate or the bi- 
tartrate of }K)tash. 

A solution of caustic soduy prepared in the same manner as 
caustic potash, from two jxarts of crystallized carl)onatc of 
soda, one jxart of quicklime, and eight or ten j)arts of water, 
may be employed for all the jmrposes to which caustic jxotash 
is a})p]ied as a reagent. 

10. Carbonate of potash. — Carbonate of jxotash is even a 
more extensive precijxitaut of bases than caustic j)otash, and 
docs not, Avith very fcAv exceptions, re-dissolve tlie bases at 
first precipitated by afterwards apjdying an excess of the car- 
bonate, in the same manner as caustic potash does. The 
precipitates produced by carbonate of polash in metallic and 
earthy solutions, arc, in general, carbonates of the metallic 
oxides and earths, but some tunes the oxide or earth itself is 
jn-ecipltated : the latter is the case, for instance, .with per- 
oxide of iron and alumina. 

The impurities \sith Avhich commercial carbonate of potash 
is generally' contaminated are alkaline sulphates and chlorides, 
silica and alumina. The tests of inirity are, after being neu- ' 
tralized Avith nitric acid, nitrate of silver (chlorine), and a 
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Bohiblc salt of barytes (sulphuric acid). Tf the neutralized 
solution, when evaporated to dryness, and the residue treatc‘d 
with water, leaves white flocks or a gelatinous substance iin- 
dissolved, this is silica. If alumina is j)resent, the neutra- 
lized solution will give a white precipitate with carbonate of 
ammonia. 

Pure carbonate of potash is best prepared by calcining 
cream of -tartar (the bi tartrate of potasli) in an iron ])an, 
lixiviating the residue, and evaporating the clear liquid to 
dryness. 

11. Carbonate of soda, — The applications of carbonate of 
soda in humid analysis are the same as those of carbonate of 
potash. Carbonate of soda is also much used in analysis by 
the blowpipe. (Sec the chapter on the Use of the Blowpipe 
in Analysis.) 

Besides sulphates and chlorides, which are detcct(‘d as just 
described, carbonate of soda may contain an alkaline sul- 
^ pliuret, suljdiitc and hyppsidphite. When neutralized wltli 
an acid, no white precipitate of sulphur should be produced ; 
the gas evolved on adding sulphuric acid should be ])erfect]y 
inodorous, and a solution of acetate of lead should aftbrd with 
the carbonate a perfectly white, and not a brown j)recipitate. 

Pure carbonate of soda is best prepared by heating the 
bicarbonate for a short time to incipient redness. 

12. Ammonia, — Ammonia is the reagent most generally 
employed for the precipitation of bases from their solutions 
in acids. Some of the bases precipitated by ammonia are ro 
dissolved on aj_)plying an excess of that reagent, as oxides of 
co|)per, silver, and zinc, which may thereby be separated 
from those bases which are insoluble in an excess of ammonia, 
as oxides of iron, bismuth, and lead. Solutions containing 
magnesia, protoxide of manganese, and some other bases, aff’ord 
a precipitate with ammonia, if they are neutral, and contain 
little or no ammoniacal salt ; but not if they contain much 
free acid, a soluble double ammoniacal salt being formed in 
the latter case. The addition of a salt of ammonia to the 
neutral solution also prevents the precipitation of such bases 
by ammonia. 



26 


KEAGENTkS. 


Ammonia sometimes contains muriate, carbonate, and 
sulphate of ammonia, chloride of calcium, and, very rarely, a 
trace of oxide of tin. • The solution should be limpid and 
colourless: after being neutralized by nitric acid, it should 
neither be precipitated by nitrate of silver nor by chloride of 
bariinn, and should leave no fixed residue on cvaj)oration. 
The llq. ammoni(B of the shops, however, is generally pure. 

13. Carbonate of ammonia , — The applications of car- 
bonate of ammonia are much the same as those of carbonate 
of potash, the former being preferred in cases where the in- 
troduction of a fixed base would be inconvenient. A few 
bases capable of being precipitated by carbonate of potash 
arc not precipitated by carbonate of ammonia, especially in 
the presence of another ammoniacal salt, or a free acid, a 
soluble double salt of ammonia and the other base being 
formed. 

The impurities occasionally present in carbonate of am- 
monia arc the same as those in ammonia. 

For use, as a reagent, one part of the sublimed carbonate 
of ammonia, which is a sesquicarbonate, should be dissolved 
In about three parts of water, and this solution be mixed with 
about one part of solution of ammonia, of ordinary strength, 
to make the neuti’al carbonate. 

14. Oxalate of ammonia, — This reagent, like oxalic acid, 
is pihicipally used for the detection and estimation of lime, 
which it pr(‘cipitatcs completely from neutral solutions in ^lie 
I'orm of oxalate. For this purpose oxalate of ammonia is 
jm ferable to oxalic acid; as the latter, when mixed with a 
sthition of lime previously neutral, liberates a free acid, 
which in most cases retains a small quantity of oxalate of 
lime in solution. Oxalate of ammonia, on the contrary, 
liberates no acid in precipitating lime from neutral solutions. 

Oxalate of ammonia is prepared by dissolving pure oxalic 
acid in water, adding a slight excess of carbonate of am- 
monia, and evaporating to obtain crystals. For general use, 
one part of the oxalate may be dissolved in about twenty 
parts of water. 

L5. Sulphuretted hydrogen . — : This important reagent is 
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used for the separation of one class of metals from another 
class, when both exist together in the same solution, and also 
for the detection and estimation of individual metals. When 
sulphuretted hydrogen gas is transmitted through an add so- 
lution of certain metallic oxides, a double decomposition of the 
sulphuretted hydrogen and metallic oxide occurs, with forma- 
tion of water and sulphurets of the metals ; the latter, being 
insoluble, are precipitated. Certain other metals, however, 
are not pr'ecipitatcd by sulpliurctted hydrogen from their add 
solutions, but only when the acid is neutralized by an alkali ; 
hence sulphuretted hydrogen when applied to a solution of 
several metals, containing a free acid, precipitates one class, 
and leaves another class in solution unacted on. 

Sulphuretted hydrogen gas is most conveniently j)repared 
by acting on the protosulphuret of iron by dilute sulj)huric 
acid in a bottle fitted up with tubes passing through the cork, as 
shown in the annexed figure: ah is a fun- 
nel tube for pouring in the sulphuric acid; 
cc is a tube in two pieces (joined together 
by a caoutchouc tube, d) for conveying 
the evolved gas into the solution to be 
tested, which is contained in the bottle, e. 
The protosulphuret of iron employed in 
this process may be madcj by j)rojecting 
into a red-hot earthen crucible an in- 
liinate mixture of six parts of flowers of sulphur and nine 
l)arts of iron filings. The mixture should be introduced by 
small portions at a time, one portion being allowed to become 
red-hot throughout before the next is introduced. The proto- 
sulphuret is ready for use when cold. A few lumps are 
placed in the bottle, and covered with water, and oil of vitriol 
is poured in through the funnel tube. A mixture of sulphuret 
of antimony and hydrochloric acid may also be used for pre- 
paring sulphuretted hydrogen ; but in that 2)roccss the ai)pli- 
catlon of heat is necessary, which is not the case when proto- 
sulphuret of iron is used. For purposes of qualitative analysis, 
sulphuretted liydrogen may be kept in solution in water, the 
solution being made with distilled water, which has been 




28 


llEAGENTS. 


recently boiled to expel air, and preserved in carefully closed 
bottles, as the oxygen of the air decomposes sulphuretted 
hydrogen when in solution. In the absence of sulphux'et- 
ted hydrogen water, and when a small quantity only of the 
reagent is required, it is conveniently applied by generating 
tlie gas in a test tube, moistening a piece of white paper with 
the solution to be tested, and holding the latter, within the 
tube. This method is only admissible when the metal whose 
presence is sought affords a sulphuret of a dark colour. 

16 . Hydrosulphate of ammonia. — This useful, reagent 
affords the means of subdividing into two groups the class of 
metals precipitated as sulphurcts by sulphuretted hydrogen 
from their acid solutions, some of these sulphurcts being 
soluble, and others insoluble, in hydrosulphate of ammonia. 
It is also used for subdividing into two groups the class of 
bases not prceijfitated by sulphuretted hydrogen from an acid 
solution ; some of these bases being precipitated by hydro- 
sulphate of ammonia, while others remain in solution. Some 
bases are precipitated by this reagent as oxides, and not 
sulphurcts, merely by the action of the ammonia ; this is the 
case, for example, with alumina and oxide ol‘ chromium, and 
most substances which are precipitated from their solutions 
by caustic ammonia, arc likewise precipitated by hydro- 
sulphate ol ammonia ; hence, earthy phosphates and borates, 
held in solution by a free acid, are precipitated by hydro- 
sulphate of ammonia, as well as by caustic ammonia. Neutral 
■solutions of magnesian salts, however, which afford a pre- 
cijfitate with caustic ammonia, give none with the hydro- 
suljxhate. 

Immediately after being prepared, hydrosulphate of am- 
monia yields no precipitate on being mixed with a free acid ; 
but after merely a short exj)osure to the air, it affords with 
free acids a milk-white pn^cipitate of sulphur.* 

* The composition of titis reagent is represented the formula nii^s + iis; 
that is, a compound of sulphuret of ammonium (n s) with sulphuretted hy.. 
drogen (us) . on exposure to the air, the hydrogen of the latter absorbs oxygen, 
water being thus formed, while there remains a sulphuretted sulphuret of am- 
monium (nh^s -f s) of a yellow tint, a part of the sulphur of whieh is precipi- 
tated on the addition of a free acid. Tliis change of the hydrosulphate hy ex- 
posure to the air docs not render the reagent useless. 
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Hydrosulphatc of ammonia is prepared by transmlttbiir 
sulphuretted hydrogen gas through solution of ammonia, 
until the liquid gives no precipitate in a solution of sulphate 
of magnesia. It should be preserved in well closed bottles, 
which do not contain lead. 

17. Chloride of platinum, — This reagent is used for the 
detection of potash, which it precipitates from toleral)ly 
strong solutions as a yellow powder, which is a double 
chloride of platinum and potassium. It also preeijn talcs 
ammonia, but not soda. It may l)c prepared by dissolving 
metallic platinum in aqua regia, and evaporating the solution 
to dryness at a very moderate heat. For use, the residue 
may be dissolved in about eight parts of water. 

18. Phosphate of soda , — This reagent is principally used 
for the detection and estimation of magnesia, which it ])re- 
cipitates, when ammonia is also present, as the basic phosphate 
of magnesia and ammonia. The removal of the other eartlis, 
if they arc present, must be effected before the application of 
phosphate of soda, as they are likewise precipitated by lliis 
reagent, and the solution must not contain a trace of a free 
acid, otherwise some of the magnesia is retained in solutloi]. 

The ])recipitates which phos])hate of soda produces in 
solutions of nitrate of silver and cliloride of barium, should be 
entirely soluble in pure nitric acid ; if this is not the case, 
some chloride or sulphate is present. 

19. Yellow prussiate of jiotash, — This salt, which is met 
with in commerce sufficiently pure for purposes of analysis, 
is especially applied to the detection of copper and of iron in 
the state of peroxide. With the former it produces a deep 
reddish brown, and with the latter, a deep blue precipitate, 
w^hich is one variety of prussian blue. It precipitates many 
other metals from their solutions ; but tlie colours of these 
precipitates are not so characteristic as those with protoxide 
of copper, and peroxide of iron. When mixed with strong 
acid liquids, the prussiate of potash is subject to partial 
decomposition, with production of a trace of prussian 
blue : hence, in all minute examinations for iron, the solution, 
if it contains a strong acid in the free state, should be ncu- 
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tralized or rendered alkaline by ammonia, and the excess of 
alkali be afterwards neutralized by a weak acid, as acetic, 
which may be applied in excess without inconvenience. As 
this reagent docs not produce prussian blue with peroxide of 
iron in contact with a free alkali, the latter, when present, 
must always be neutralized by a weak acid. 

20. Red prussiate of potash. — This reagent is employed as 
a test for the presence of iron in solution as protoxide. With a 
solution of peroxide iron it aflPords no characteristic appearance, 
but with a solution of protoxide of iron it yields a precipitate of 
Prussian blue, similar to that produced by yellow prussiate of 
potash with the peroxide of iron. The presence of a free 
alkali prevents this indication, as in the case of the yellow 
prussiate. 

Red prussiate of potash is best prepared by passing 
chlorine gas through a very dilute solution of yellow prussiate 
of potash, until a j)Oiition of the liquid gives no blue colour 
when mixed with a solution of perchloride of iron ; the liquid 
is then concentrated by evaiioration, and when near the 
crystallizing point, is rendered very feebly alkaline by the 
jidditioii of a little carbonate of potasli. The solution is 
filtered while hot, and allowed to cool and deposit crystals. 
For use, one [)art of these crystals should be dissolved in 
twenty or thirty parts of water. The solution should not 
afford the slightest blue tinge with a solution of perchloride 
of iron. 

21, Infusion of galls. — The aqueous infusion and the 
alcoholic tincture of galls are employed as a test for the 
ju'csence of very minute quantities of peroxide of iron in 
neutral solutions ; the iron is precipitated as a black compound 
with tannic acid, which compound is the basis of comnjon 
writing ink. 

The infusion of galls is also used in the • proximate 
analyses of organic substances, as a test for gelatine, which 
it precipitates from its solutions in brownish-white curdy 
flocks, which, when formed from strong solutions, cohere 
greatly on agitation. 

The infusion of galls is conveniently prepared by digesting 
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for several hours one part of bruised galls In four i)arts of 
water,, filtering and expressing the residue, adding two parts 
of common salt to the liquid, and again filtering. 

22, Chromate of potash^ — This reagent is chiefly used as 
a test for lead, which it precipitates from its solutions as a 
fine yellow powder, which is the chromate of lead, coimnonly 
called chrome-yellow. 

Chromate of potash may be prepared by mixing caustic 
potash with an aqueous solution of the bichromate of potash 
of commerce, until a feebly alkaline reaction appears, and 
then adding a little more of the bicliroinate in order to restore 
neutrality. 

This reagent occasionally contains some sulphate of potash. 
This is detected by the ])recipitatc })roduccd in the dibit e 
solution of the chromate by nitrate of barytes not being 
entirely soluble in free nitric acid. Chromate of barytes is 
soluble, but sulphate of barytes is insoluble in nitric acid. 

23. Protochloride of tin. — The principal applications of 
protochloride of tin in analysis are for the precipitation of 
gold and mercury from their solutions. The former is i)re- 
cipitated in the form of a purple j)Owder (purple of Cassius), 
and the latter, provided the protochloride is ap])lied in excess, 
as a grey powder consisting of metallic mercury, which runs 
into a globule on the application of heat. With the chloride 
of mercury (corrosive sublimate), the first addition of proto- 
chloride of tin produces a white precipitate of subchloridc 
of mercury (calomel). 

This reagent may be prepared by boiling granulated tin, 
contained in a glass retort, with concentrated hydrochloric 
acid, more tin being present than the^ acid is capable of dissolv- 
ing, in order to prevent the formation of pcrchloride of tin . 
The solution is diluted with water, decanted and preserved in 
a well-closed bottle containing fragments of metallic tin. Its 
ordinary impurities are •salts of iron and of lead. Hydrosul- 
phatc of ammonia should entirely redissolve the precipitate it 
occasions in the solution of protochloride of tin. If a black 
insoluble residue remains, this is either sulphuret of iron or 
sulphuret of lead. 
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24. Chloride of lead. — A solution of chloride of lead is 
conveniently used as a precipitant for silver, when lead is 
also present in considerable quantity. Hydrochloric acid and 
chloride of sodium, the ordinary precipitants of silver, also 
produce a precipitate with solutions of lead, except in very 
dilute solutions, but an aqueous solution of chloride of lead, 
being very weak in its strongest state, precipitates only the 
silver. It may be prepared by boiling litharge with hydro- 
chloric acid, evaporating to dryness and dissolving the residue 
in distilled water. 

25. Sulphate of lime . — This reagent, the saturated solu- 
tion of which in water is extremely dilute, is chiefly used as 
a means of distinguishing between lime, strontian and barytes. 

With solutions of lime, it yields no precipitate; with stron- 
tian, only after some hours ; but with solutions of barytes, it 
yields an immediate ))reclpitate of sulphate ol‘ barytes. 

Common plaster of Paris, which has been agitated with 
water and well washed, may be used for preparing the aqueous 
solution. 

26. fdhnoniate of potash. — This substance has recently been 
recommended as a test for soda, which it throws down from 
its solution as a crystalline precipitate of slight solubility in 
water ; but which is more freely soluble in alkaline solutions ; 
hence the reagent should be free from an excess of alkali. 

The best process for preparing antimoniate of potash seems 
to be the following. One part of powdered crude antimony 
is Intimately mixed with four parts of powdered nitre, both 
quite dry ; the mixture is projected by small portions at 
a time into an earthen crucible at a dull red heat, and main- 
tained for half an hour oy more in a i)asty state, with occa- 
sional stirring. The mass is then cooled and washed with 
water until all the soluble matter present is removed and the 
washed residue is mixed with f ths of its weight of pure car- 
bonate of potash, and exposed to a bright red heat in an 
earthen crucible for half an hour. The cooled mass is di- 
gested with about fifty parts of warm water, and the solution 
when cold is filtered for use. Both the solution and the dry 
material should be preserved as much as possible from access 
of air. 
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27. Muriate of ammonia. — Certain bases, among wliiob arc 
protoxide of manganese and magnesia, which are precipitated by 
ammonia from their pure neutral solutions, are not thus i)rcc‘i- 
pitated by ammonia in the presence of an ammoniacal salt. 
Hence when it is an object to prcvetit the precipitation of sucli 
bases by ammonia, a solution of muriate of ammonia is con- 
veniently applied for that purpose. This is, of course, unne- 
cessary in a solution containing iiiucdi free acid, as tlie first effect 
of the application of ammonia, in that case, is the formation of 
an ammoniacal salt. Muriate of ammonia is also used for })re- 
cipitating alumina from its solution in c^iustic potash f)r soda, 
and for the separation of caustic lime from carbonate of lime. 
(See the sections which treat of the quantitative estimation of 
alumina and lime.) 

The ordinary impurities of muriate of ammonia are sul- 
phate of soda, sul})hate of ammonia, and chloride of sodium. 
It should suldime without residue, and a salt of barytc's 
should produce no precipitate in its solution. Simple n*,- 
crystallization suffices to render the muriate of ammonia ol‘ 
commerce sufficiently j)urc for analytical purposes. 

28. Caustic barytes . — Solution of caustic barytes is prin- 
cij)ally used for precij)itating magnesia with a vie.w of s(q)ar- 
ating it from the fixed alkalies, and lor the detection of 
carbonic acid. For the former purpose a solution of sul- 
phurct of barium may be used instead of caustic barytes. 

Caustic barytes may be prepared by calcining tlui nitrate of 
barytes in a porcelain crucible, at a heat a[)])roaching to 
whiteness, when the nitric acid of the nitrati‘, is disengaged 
and caustic barytes remains. The residue is dissolved in pure 
water, nearly to saturation. A solution of caustic barytes 
may also be prepared by boiling black oxide of copj)er with a 
solution of Bulphuret of barium, until a portion of the liquid, 
filtered, gives no black precipitate when mixed with a solution 
of acetate of lead. The solution is filtered while hot, diluted 
with water, to prevent the deposition of crystals of hydrate of 
barytes, and preserved in well stopped bottles. The sulphurct 
of barium is obtained by heating nearly to whiteness, in a 
covered earthen crucible, for half an hour, an intimate mixture 
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of eight parts of finely powdered sulphate of barytes, one part 
of charcoal, and two parts of flour. The mass, when cooled 
and digested in warm water, aftbrds a solution of sulphuret of 
barium. 

29. Chloride of harium.*— This reagent is chiefly used for 
the detection and estimation of sulphuric acid, which it pre- 
cipitates from solutions, as a white powder insoluble in all 
acids. Chloride of barium precipitates many other acids from 
neutral solutions, but the precipitates with all besides sul- 
phuric arc soluble in, or are decomposed by, hydrochloric acid. 

Chloride of bariiyn may be prepared by dissolving the 
native carbonjitc of liarytcs, bruised, in hydrochloric acid, eva- 
jiorating to dryness, and purifying the salt by recrystallization : 
or, by adding a slight excess of hydrochloric acid to the so- 
lution of siilj)huret of barium, made as described above, filter- 
ing the acid liquid, and evaporating it to obtain crystals. The 
solution, which may contain one part of the salt to twelve 
parts of water, should be perfectly neutral to test-paper, 
should not be discoloured by the addition of hydrosuljihate of 
ammonia, and after being mixed with an excess of suljihuric 
acid and filtered, should leave no fixed residue on evapor- 
ation. 

30 . Nitrate of barytes , — This reageiit is used for the same 
purposes as chloride of barium, in cases where the introduction 
of a chloride would not be admissible. It is obtained by 
digesting native carbonate of barytes in dilute nitric acid, 
evaporating to dryness, and purifying the salt by recrystalli- 
zation. The solution should be neutral, not be rendered 
turbid by the addition of nitrate of silver, and should remain 
colourless after the addition of hydrosuljdiate of ammonia. 

. 31 . Acetate of lead. — This reagent is principally used as a 
test for CAirtain acids, being employed both as a means of 
arranging acids into groups (some acids forming soluble and 
others insoluble combi nations, with oxide of lead), and also 
for the s})ecial detection of some acids, or electro-negative 
constituents of salts ; particularly chromic acid, and iodine and 
sulphur, when combined with bases as soluble salts. 

The impurities with which commercial acetate of lead Is 
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occfisionally contaminated, are acetate of lime, and acetate of 
iron. The whole of the lead being separated from its solution 
by sulphuretted hydrogen, no precipitate should be produced 
in the filtered solution by ammonia (iron), nor by oxalic acid 
{lhn(^, 

32. Nitrate of silver . — Oxide of silver, which is most con- 
veniently applied, in licpiid testing, in the form of nitrate of 
silver, affords the means of arranging acids into three distinct 
groups: 1. those whose combinations with oxide of silver 
are soluble in water, as nitric, acetic, and chloric ; 2. those 
whose compounds with oxide of silver arc insoluble in water 
but soluble in dilute nitric acid, as oxalic, citric, and most 
organic acids ; and 3. those acids, or electro-negative consti- 
tuents whose silver compounds arc insoluble in- dilute nitric 
acid, as chlorine, bromine, iodine, &c. Nitrate of silver is the 
reagent always used in quantitative analyses, for the estima- 
tion of chlorine. The solution may contain one part of the 
nitrate to fifteen or twenty parts of water. 

To prepare pure nitrate of silver from a piece of standard 
silver, which contains copper, the metal is dissolved in nitric 
acid, the solution evaporated to dryness, and the saline residue 
maintained in a state of fusion in a porcelain crucible until 
it has lost all traces of a green colour, when the nitrate of 
copper will have decornj^osed into insoluble black oxide of 
copper, and nitrous vapours, which arc disengaged. The 
residue may be dissolved in Avater and filtered for use, or the 
solution may be evaporated after filtration, in order to olitain 
crystals. The undissolved oxide of copper is mixed with a 
little silver, which may be recovered as chloride, by dissolving 
the powder in nitric acid, and adding common salt to the 
solution. 

The nitrate of silver of commerce occasionally contains 
nitrate of copper and nitrate of potash, and is sometimes in- 
tentionally adulterated with nitrate of lead. The presence of 
a salt of copper is detected by the solution assuming a blue 
colour when mixed with an excess of ammonia. To detect 
nitrate of potash, the solution of the nitrate of silver is mixed 
with pure hydrochloric acid, in order to precipitate the whole 

l> 2 
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of the silver, filtered and evaporated : if nitrate of potash is 
present, a fixed residue remains after evaporation. The pre- 
sence of a salt of lead is detected by adding sulphuric acid to 
the solution of nitrate of silver, which precipitates lead, as 
sulphate, if present. 

33. Ammono-nitrate of silver . — This reagent is used for 
the detection of arsenic. It is prepared b} adding dilute 
ammonia very gradually to a solution of nitrate of silver, 
until the oxide at first precipitate is redissolved. As an excess 
of ammonia would be injurious, it is advisable to leave uiidis- 
solved a trace of oxide of silver, which may be separated 
afterwards by filtration. 

34. Iodide of potassium. — A solution of iodide of potassium 
produces in solutions of certain metals prccljutates of very 
remarkable colours, for which metals, therefore, this reagent 
may be employed as the test. It is principally used for the 
detection of lead and mercury : with salts of lead it afibrds a 
bright yellow, and with salts of the red oxide of mercury a 
bright scarlet compound. 

The impurities with which iodide ol* potassium of commerce 
is occasionally contaminated are, carbonate of potash and 
alkaline chlorides. The j)resence of any carbonate is readily 
detected by the occurrence of effervescence, on the application 
of hydrochloric acid. To detect a chloride, the following 
metliod may be follo\^ ed : — J^rccipitate the solution of the 
iodide <*oiiipletely by nitrate of silver, add excess of ammonia, 
and filter. If any chloride of silver was formed, this is now 
in the filtered liquid, held in solution by ammonia, and may be 
precipitated by nitric acid ; but as iodide of silver is not per- 
fectly insoluble in ammonia, a faint turbidity on adding nitric 
acid to the filtered ammoniacal solution may always be ex- 
pected. 

35. Sulphate of hidltjo. — A dilute solution of sulphate of 
indigo is. employed as a test for free chlorine and free nitric 
acid, by both of which, when assisted by hea+, its blue colour 
is readily destroyed. 

This reagent may be prepared by digesting one part of 
powdered indigo in ten parts of concentrated sulphuric acid 
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(or what answers better, the fuming sulphuric acid) at a mo- 
derate heat, and diluting largely with water. 

36. Starch * — Starch mucilage is used as an exceedingly 
delicate test for free iodine, with which it forms a compound of 
an intense blue colour. With free bromine, starch forms a 
yellow compound, 'fhe mucilage may be prepared by rubbing 
common starch with cold water, and heating the mixture 
nearly to the boiling point, with constant stirring. Strips 
cut from the elastic membrane obtained by cautiously drying 
a thin layer of starch mucilage have been recently rc(‘oni- 
mended as a convenient form of applying starch as a test for 
iodine, the strij)s being used in the manner of test-pa])er. 

37. Test-papers , — Certain vegetable colouring matters ex- 
perience a remarkiiblc change tjf colour Avhen placed in 
contact with a tree acid or alkali ; which circumstance renders 
these bodies of great value, as reagents for the deteertion of 
free acids and alkalies. For this purpose, they may be em- 
ployed in the state of aqueous infusion, or alcoholic tincture, 
or, what is more conv(inient, paper may be stained with the 
coloured infusion, and be Avetted, when the testing is to be 
performed, with the liquid to be examined. Blue litmus 
])a[>er is used as a test for free acids, which change the blue 
colour to red ; and conversely, the redden(‘d litmus paper may 
be used as a test foi* irec alkalitjs, which restore the blue 
colour. Tlie l)hiish-grey infusion obtained by iraicerating red 
cablaige in hot water may be used as a test both for free 
acids and alkalies. With the former, its colour changes to 
bright red, and with the latter, to bright green. The infusion 
of violet dahlia petals is affected in a similar manner by free 
acids and alkalies. Free alkalies change the yellow colour of tur- 
meric to brown ; but this effect is also produced by a few bodies 
which are not alkaline, among which is boracic acid. Several 
metallic salts, which are neutral in composition, affect test- 
|)apers in the manner of a free acid. 

The most convenient test-paper is prci)ared by dipping good 
letter-paper into a concentrated infusion of the red cabbage, 
and drying the paper, without applying heat. The infusion 
should be prepared by pouring hot water upon the cabbage, 

i> 3 
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ill an earthenware (not in a metallic) evajiorating pan, and be 
concentrated by evaporation, at a temperature considerably 
below the boiling point. A dull grey paper is thus obtained 
which acquires a bright green colour by contact with alkalies, 
and a bright red colour by acids. 

Blue litmus paper (for detecting acids) is prepared by dipping 
letter-paper into an infusion of litmus, made by digesting one 
part of powdered commercial litmus in ten parts of hot water, 
and filtering. If the paper reddens during desiccation, the 
blue colour may be restored by moistening the paper with a 
very dilute alkaline solution, or by very weak lime-water. F or 
making red litmus ])apcr (used for detecting alkalies), the 
infusion should be first reddened by a few drops of nitric 
acid. 

38. Water, — None but distilled water is fit for general 
use in analytical operations. The tests of purity arc nitrate 
of silver (for chloridcvs), chloride of barium (for sulphates), 
test-paper (for a free acid or a free alkali), oxalate of ammonia 
(for lime), and lime-water (for carbonic acid), neither of which 
should produce a turbidity in the water. A few drops, eva- 
porated on a piece of platinum foil, should lea ve no stain behind. 
Distilled water which has been freely exposed to the air may 
be rendered tur])id by lime-water, owing to the presence of 
free carbonic acid absorbed from the air, but simple ebullition 
suffices to expel the carbonic acid completely. 
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DIVISION OF METALLIC BASES AND METALLIC ACIDS INTO 
THREE CLASSES, ACCORDINCJ TO THEIR BEHAVIOUR 
WITH SULPHURETTED HYDROGEN AND HYDRO-SUL- 
PHATE OF AMMONIA. 

Class I. Bases which arc not precipitated from their so- 
lution by sulphuretted hydrogen, nor by hydrosulphatt^ of 
ammonia : — 

a. Alkalies ; not f)recipitatcd by carbonate of soda : 

Potash Soda Lithia Ammonia. 

b. Alkaline earths; precipitated by carbonate of soda : 

Strontian Barytes Magnesia Linn*. 

(For the behaviour of these bodies with reagents, see pj). 44 — /if).) 

Class II. Metallic oxides which are precipitated by hy- 
drosuli)hate of ammonia, but not by sulphuretted hydrogen 
(as sulphurets *) from an acid solution : — 

Alumina Lantanum, oxide of Thoriiia 

(’erium, oxide of Manganese, deutoxide of Uranium, juroxide of 

Chromic acid Manganese, protoxide of Ih-aniuin, protoxide of 

(’hromium, oxide of Manganic acid Vanadium, oxide of 

C’obalt, oxide of liyper-manganic acid Yttria 

Glucina Nickel, oxide of Zinc, oxide of 

Iron, peroxide of Taiitalic acid Zircon ia. 

Iron, protoxide of Titanic acid 

(For the behaviour of these (excepting chromic, manganic, and hyper- 
manganic acids) with reagents, see pp. 5f) — 74.) 

* Some of the bodies included in Class II. afford a jirecipitate of sulphur 
when their acid solutions are exposed to sulphuretted liydrogen, but the wliolc 
of the bases remain in solution. This precipitation of suli)hur is owing to the 
reduction of the base from a higher to a lower degree of oxidation, by the 
hydrogen of the sulphuretted hydrogen, the suli>hur of which is precipitated as 
a yellowish white powder. S^dutions of the peroxide of iron and deutoxide of 
manganese become reduced in this way to the protoxide of iron and protoxide 
of manganese, with precipitation of a corresponding proportion of sulpliur ; 
the hydrogen of the sulphuretted hydrogen having united with a portion of the 
oxygen of the peroxide to form water. 
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Class TIL Metallic oxides precipitated by suli)huretted 
hydrogen from acid solutions : — 

a. Oxides having basic ])roperties : 

Antimony, oxide of Lead, oxide of Platinic oxide 

Bismuth, oxide of Mercury, protoxide of Platinous oxide 

Cadmium, oxide of Mercury, suboxide of Rhodic oxide 

Copper, protoxide of Molybdic oxide Silver, oxide of 

(/Ojjper, suboxide of Molybdous oxide Telluric oxide 

Gold, oxide of Osmic oxide Tin, peroxide of 

Iridic oxide Palladious oxide Tin, jirotoxide of. 

(For the behaviour of these with reagents, see pp. 7b‘ — 99.) 

h. Oxides liaving acid properties : 

Antimonic acid Arseiiious acid Selcnious acid 

Aiitinionious acid Molybdic acid Tungstic acid 

Arsenic acid Osmic acid Vanadic acid. 

(For the behaviour of these with reagents, see pp. 100 — 113.) 
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ABHRKVIATIONS AND SYMHOl.S 

OCCASION AI.I.Y KMPIjOYEO IN THE FOEEOWINO TAJ5EES, 


am. 

- 

- 

- 

- 

ammonia. 

bicarb. 

- 

- 

- 

- 

bicarbonate. 

carb. 

_ 


- 

- 

carbonate. 

CO . 

- 


- 

- 

carbonic acid. 

conctd. 

- 

. 

- 

- 

concentrated. 

cryst. 

- 

- 

- 

- 

crystalline. 

ex. 

- 

- 


- 

excess. 

gelat. 

- 

- 

- 

- 

gelatinous. 

HCJ. 

- 

- 

- 

- 

hydrochloric acid. 

insol. 

- 

- 

- 

- 

insoluble. 

mur. am. 


- 

- 

- 

muriate of ammonia. 

NO5 

- 

- 

- 

- 

nitric acid. 

0 

- 

- 

- 

- 

no precipitate. 

pot. 

- 

- 

- 

- 

potash. 

ppt. 

- 

- 

- 

- 

precipitate. 

ppii. 

.• 

- 

• 

- 

precipitation. 

SO,, 

- 

- 

- 

- 

sulphuric acid. 

sol. 

. 

- 

- 

- 

soluble. 

soli). 


- 

- 

_ 

solution. 

solus. 

. 


- 

- 

solutions. 

volum. 

- 


- 

- 

voluminous. 



44 


BEHAVIOUR OF SUBSTANCES 


CHAPTEii I. Behaviour of Neutral Salts of 


Alkalies. 

j 

Caustic Potash. 

j 

j Carbonate of Soda. 

i 

i Alcoholic Solution 
! of Chloride of 
Platinum. 

i 

1. Potash. 
(See also p. 48.^ 

! 

j No change. 

1 

1 

1 A light yellow, 
i cryst. ppt. in- 
1 creased by 

stirring. It is 
insol. in IICl. 

2. Soda. 

(See also p. 49.) 

No precipitate. 

■ 

; Ditto. 

i 

1 No change. 

1 

1 

‘h Litliia. 

( See also p. .00. ) 

Ditto. 

1 

j In concentrated 
solutions, after 
long standing 

1 a white ppt. 

1 

j A faint troubling 
in strong so- 
lutions. 

4. Arnniunia. 

( See also p. 50.) 

Evolves free am- 
monia, which 
is recognised 
by its odour 
and by pro- 
ducing white 
fumes with' 

HCl. 

1 

No i>rccipitate. 

The same ap- 
j)earance as 
with salts of 
potash. 
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First Class o f Bases with Reorients, 


Strong Solution of Tar- 
taric Acid. 

Phosphate of Soda. 

Ilydrofluosilic Acid. 

A white cryst. ppt. 
sol. in alkalies and 
acids. 

No precipitate. 

A very gelat. ])pt. in- 
sol. in muriatic 
acid. 

No change. 

Ditto. 

If the solutions are 
very strong, a gelat. 
ppt. is formed. 

Ditto. 

No ppt. But if free 
ammonia is added 
to the phosph. j 
soda, a white ppt. i 
falls on standing. | 

A white precipitate. 

From strong solus, a ' 
white cryst. ppt. is 
producetl. 

No change. 

1 

j 

No ppt. except in very 
strong solus. 0/w.v- 
i ammonia gives a 

1 ppt. of silicic acid. 
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Earths. 

Caustic Potasli. 

Atnmonia. 

Carbonate of Soda. 


1. Barytes. 

From a coiictd. 

No ppt., but the 

A white ppt. of 


(See also p. 52.] 

soln. a white 

mixture ab- 

carb. barytes. 


ppt. sol. in 

sorbs COo 

If an acid was 



much water ; 

from the air. 

present, the 



the soln. be- 

and then de- 

precipitation is 



comes turbid 

posits carb. 

not complete 



on exposure to 

barytes. 

without boil- 



the air. 


ing the mix- 
ture. 


2. Strontian. 

As barytes. 

As barytes. 

As barytes. 


(See also }).52.) 

‘ 

i 




3. liime. 

(See alsop> 53.) 

Ditto. 1 

Ditto. 

Ditto. 


4. Magiu^^ia., 

A white vo- 

A white ppt. sol. 

A bulky white | 


(See also p. .04.) 

J 

lum. ppt.. 

in mur. am. 

ppt. sol. in 


sol. in mur. 

If a salt of 

mur. am. The 



am. The ppt. 

ammonia is 

ppt. is in- 



re-app(?ars 

present, no 

creased by boil- i 



when the soln. 

ppt. falls. 

ing. 1 



in mur. am. is 




1 

boib^l with 
cess of potash, j 


■ 



ADDITIONAL OLSEU V A 1 IONS ON THE CHARACTERS OF 
Tin: FIRST CLASS OP BASES. 

The bases ineludcid in tins class are distinguished from all 
others, by not being precijiitated from tlieir solutions either 
by sulphuretted hydrogen or by hydrosulphate of ammonia. 




Carbonate of Ammonia. 

Oxalic Acid. 

, Sulpluiric Acid, or Sul. 



pliatc of Soda, 


The same as with 

No ppt. except in 

A white ppt. of sul- 


carb. soda. 

■ conetd. solns., hut 

jdiate of barytes, in- 



oxalate of ammonia 

sol. in acids and 



gives a white ppt. 

i 

alkalies. 


As barytes. 

A white ppt. if conetd. : 

A white ppt. of sul- 


• 

with oxalate of am- 

phate of strontian, 



monia, a white ppt. 
though the solii. is 
dilute. 

slightly sol. in water. 


Ditto. 

A white ppt. in- 

1 A white ppt. of sul- 



creased on adding j 

phate of lime in 



ammonia. Sol. in 

strong solns., sol. in 


j 

NO, and HCl. 

much water. 


No ppt. is produced 

j 

No ppt. except when | 

No change. 


ill the cold. If the ' 

both solns. are very I 



mixture is boiled a I 

strong. Oxalate ! 



white ppt. falls^ sol. | 

of ammonia gives a | 



in mur. am, i 

• 

white ppt. sol. in 
salts of am, | 

1 

j 

! 



Tlie class admits of a subdivision into alknlicSi namely, j)otasli, 
soda, lithia, and ammonia; and alkaline earths, namely, barytes, 
strontian, lime, and magnesia. The basis of this subdivision 
is the relation of salts of the various bases to carbonate of 
soda or carbonate of jjotash, and ])hosj)hate of soda, which 
reagents precipitate the alkaline earths from their solutions, 
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but produce no change in solutions of salts of the alkalies, 
lithia, when in a state of strong solution, alone excepted. 
Lithia seems to stand midway between alkalies and alkaline 
earths. 

General character a of alkalies .^ — Few compounds, compa- 
ratively, of potash, soda, and ammonia, with acids, are inso- 
luble, or sparingly soluble in water, hence few reagents pro- 
du(ie preci])itates in solutions of salts of the alkalies. Only 
two reagents, namely, the antimoniatc and antimonite of 
potash, are known, whicli produce a precipitate in solutions 
of salts of soda, of moderate strength. All salts of alkalies 
are colourless, cxce])t those whose acid constituents possess a 
C(Jour. 

Alkalies in the free and carbonated state prodiute a remark- 
able effect on certain colouring matters, so that the latter be- 
come extremely delicate tests for the j)rescnce of the former. 
A reddened infusion of litmus, or paper stained with the in- 
fusion, is rendered blm? by these bodies. The yellow colour 
of ])a])er stained with an infusion of turjueric is changed to 
brown by free and carbonated alkfdies. 

1. Potash. — The tests generally employed to distinguish 
j)otash from the oilier alkalies are tartaric acuf and a solution 

chloride of j dot iitain, Before cither of these tests is applied, 
however, the absence of ammoniacal salts should be proved, by 
a])i)lying caustic potash to a portion of the material, and ob- 
serving whether the odour of ammonia is disengaged. If salts 
oi* ammonia are present, the material should be heated to red- 
n(‘.ss, whcreliy all the ammonia is expelled: but the potash 
salt being fixed at that temperature, remains behind, and may 
then be dissolved in water, and tested by either oi‘ the two 
reagents above mentioned. 

Neither chloride of platinum nor tartaric acid produces a 
prccii)itate in solutions of potash; but in concentrated 

solutions, each of these reagents produces an immediate preci- 
pitate. The delicacy of these tests is considerably increased 
by the presence of alcohol in the mixture, the two precipitates 
being less soluble in alcohol than in water. The presence of 
a little free muriatic acid also increases the delicacy of the 
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cliloride of jdatinum test : but that acid prevents the indication 
of tartaric acid, as it dissolves the precipitate. 

The yellow precij)itate produced by chloride of platinuni, 
in solutions of potash salts, is the double chloride of ])latinuni 
and potawssium. The precipitate produced by tartaric acid is 
bitartrate of potash, or fU'eain of tartar. 

Two other reagents ha ve been pro})osed as* tests for dis- 
tinguishing potash from the other alkalies, namely, carhazot'ic 
an,d^ and jtpr chloric acid. l''hc former prodnecs a yt‘ll()w 
crystalline precipitate, and the latter a white crystalline pi’c- 
cipitatc, in solutions of potash salts. Neither of these is more 
delicate than the two before mentioned. 

Salts of potash, if free from trac.es of soda, coimnunicate a 
faint violet tinge tu the tlaiuc of alcohol. In applying tins 
test, the salt maybe moistened with water, mixed witli s[)irits 
of wine, and the mixture ignited. (Sec also llie characters 
of potash salts before the blowpipe.) 

2. Soda.- - The reagents which precii)itate soda from its 
solutions are still fewer than those which ])recij)ita,te potash, 
ddoride of platinum produces no precipitate in neutral soda 
solutions, and tartaric acid only in very concentrated. The 
j)recij)itate of bitartrate of soda produced by tfirtaric acid is 
distinguished from the corrcs])oridlng j>recipitate in potash 
solutions ])y its much gn ‘ater solubility in water, and by its 
different crystalline form, bitartrate of soda being columnar, 
and bitartratc of potash granular. 

The anthnouiatc and aniimoviic of potash are the only 
known reagents which produce a j)re(apitate in moderately 
diluted solutions of salts of soda. The j)rej)aration of the 
antimoniate of ])otash is described at ])age .32. The ])re- 
cipitatc of antimoniate of soda, which is granular and crystal- 
line like the bitartrate of potash, is not deposited immediately 
from rather dilute solutions, being slightly soluble in water ; 
but the deposition of the precipitate is facilitated by stirring 
the mixture with a glass rod. The antimoniate of soda is 
readily soluble in free acids; hence if a free acl<l is prescait 
in the solution to be tested for soda, it should be neutralized 
with carbonate of potash, which may be added in slight 

E 
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excess, but not in large quantity, as the antimoniate of soda 
is more soluble in solution of carbonate of potash than in 
water. Other salts of potash do not interfere with the 
action of this test ; but all ammoniacal salts do, as they are 
likewise precipitated by the antimoniate of potash. 

Salts of soda, in very small quantity, communicate an 
ntense yellow* colour to flame. This character may be made 
use of as a convenient test for soda, either the flame of alcohol 
or the blowpipe flame being employed. 

8. Lithia. — This alkali is distinguished from potash, 
soda, and ammonia, 1st, by the gradual production of a 
precipitate of carbonate of lithia when carbonate of soda 
is added to a strong solution of a salt of lithia ; 2dly, by the 
slow formation of a precipitate of phosphate of lithia and 
soda, when jdiosphatc of soda together urith some caustic 
ammonia is mixed with a strong solution of a lithia salt ; and 
3dly, by its j)ro])erty of communicating a crimson colour to 
flame. 

If it is ascertained that the material operated on is an 
alkaline salt, the readiest mode of determining whether it 
is a salt of lithia is by its action on flame. A salt of lithia 
when fused f)n tlie bent end of a jdatinum wire, and held 
ill the Interior blowpipe flame, gives a red tinge to tlic 
exterior flame, which may last, however, only for an instant. 
The presence of a very small proportion of soda materially 
interferes w ith this test, when performed in the ordinary way, 
as the intense yellow colour produced by the soda overpowers 
the crimson produced by the lithia. When the experiment 
is conducted in the following manner, however, it is said, 
that lithia may be detected in a mixture of one part of 
chloride of lithium, and a thousand of common salt (M. Stein). 
The material, after being heated on the bent end of a platinum 
wire, in the flame of a tallow candle, is immersed in the 
tallow, and afterw^urds held in the middle of the flame. A 
red margin may then be j)crceived around the bright yellow 
flame of the tallow, if observed attentively. 

4. Ammonia. — The readiest and most characteristic test 
for ammoniacal’ compounds is caustic potash or soda, or 
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hydrate of lime, either of which disengages free ammonia 
from all ammoniacal salts, especially when assisted by the 
application of heat. The disengaged ammonia may be 
recognised by its peculiar and pungent odour; by its pro- 
ducing dense white fumes, when in contact with muriatic 
acid vapour (which may be ajiplied by holding over the 
mixture of the material with a caustic alkali a glass rod 
moistened with strong hydrochloric acid) ; and by its action 
on moistened red litmus paper, the colour of which it changes 
to blue ; but on warming tlie paper, the red colour reappears, 
owing to the volatilization of the ammonia. 

Chioride of 'platinum and tartaric acid produce precipitates 
in solutions of ammoniacal salts, much resembling those 
which the same reagents produce in solutions of potash salts, 
'^rhe precipitate of bitartratc of ammonia produced by tartaric 
acid, is more soluble in water than the bitartrate of potash. 

All salts of ammonia, except those having fixed acids 
(phosphate, borate, &c.), volatilize without residue when 
heated to a temj)erature considerably below redness. When 
ammoniacal salts having fixed acids are strongly heated, am- 
monia is disengaged and the acids remain free. 

General characters of alkaline earths. — The alkaline earths, 
which comprise barytes, strontian, lime, and magnesia, are 
distinguished from alkalies, as already observed, by being 
precipitated from their solutions by carbonate of soda, and 
by phosphate of soda> which is not the case with the alkalies, 
lithia, when in strong solution, alone excepted. Alkaline 
earths arc distinguished; on the other hand, from earths 
proper, (which form a part of Class II. p. 54.) by their 
solubility in water, to a greater or less extent, forming 
solutions which aflTect vegetable colours in the manner of free 
and carbonated alkalies; and by the solubility of their 
sulphimets, on whieh account they yield no precipitate with 
hydrosulphate of ammonia. 

The precipitates of phosphates produced in solutions of the 
alkaline earths by phosphate of soda are soluble in acids, even 
in acetic acid. 

K 2 
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1. Barytes. — Salts of barytes are distinguished from all 
other substances with great ease, by the readiness with which 
their solutions afford a precipitate of sulphate of barytes when 
mixed with an extremely dilute solution of sulphuric acid or 
a sulphate. A solution of sulphate of lime^ which is very 
weak in its strongest state, is the most convenient test for 
barytes, as it is not liable to confound barytes with lime and 
strontian, solutions of which, unless very dilute, also afford 
precipitates of sulphates with sulphuric acid. 

Another reagent sometimes used as a test fqr barytes, and 
especially for distinguishing that earth from strontian and 
lime, is hydrojluosilicic acid^^ which ^^rodiices in barytes 
solutions a crystalline precipitate of silicofluoride of barium, 
nearly insoluble in acids. The production of this precipitate 
is not immediate in dilute solutions of barytes, 

2. Strontian. — In their comportment with rcjigents, 
salts of strontian are closely related to salts of barytes, nearly 
all the reagents which precipitate one of these earths being 
capable of prcci 2 )itating the other also. Owing to tlie slight 
solubility, however, of sul[)hatc of strontian, a very weak 
solution of a sulphate, sudi x\,^solutiov of sulphate of lime^ does 
not i)rodiicc a jo-ecipitate in strontian solutions immediately, 
but only after the lapse of some time. In a solution of 
common salt, sulphate of strontian is more freely soluble than 
in water. 

Updrujluosilicic acid is sometimes used to distinguish 
between barytes and strontian, as this reagent precipitates 
barytes from its solutions, but not strontian. 


* A solution of hydrofluosilicic acid may be prepared by conducting into 
water the gaseous fluoride of silicon obtained by gently heating, in a Florence 
flask, a mixture of one part of powdered fluor spar, one part of siliceous sand, 
and six parts of oil of vitriol. The tube which conducts the gas from the 
flask should reach to tire bottom of a glass jar, aud its extremity, which should 
be bent upwards, is covered with mercury, in order to prevent the access of 
water to the tube, which would cause the latter to be choked. As the gaseous 
fluoride of sll’ .oj comes into contact with water, it is partially dccompo.sed : 
one e<|uivaleut of fluoride of silicon (Si F.,), and three equivalents of water 
(3 II O), form one equivalent of silica (Si ()j,), which is precipitated in a gela- 
tinous state, and three equivalents of hydrofluoric acid (S H F), which combines 
with two equivalents of unaltered fluoride of silicon, to form hydrofluosilicic 
acid (3 11 F + ^SiF^). 
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Salts of strontlan, in very minute quantity, communicate 
to flame a crimson colour of considerable intensity. If the 
material to be tested for strontian in this manner is soluble, 
it may be mixed with spirits of wine, and the mixture in- 
flamed. Salts of lime also communicate to flame a red 
colour, but with more of a yellowish tinge than that im- 
parted by strontian salts. 

In testing for strontian a material which contains barytes, 
it is ccHnmon to convert both these earths into dry chlorid('s, 
and treat the mixture with absolute alcohol, which dissolves 
chloride of strontium, but not chloride of barium. 

3. Lime. — The comportment of salts of lime with the 
reagents mentioned in the Table, pj). 46, 47, is very similar 
to that of salts of barytes and strontian with the same 
reagents, the difference being only in intensity, according to 
the strength of the solutions. 

The precipitate of hydrate of lime produced in solutions 
of salts of lime by yotasli is much less soluble in water than 
the corresponding precipitate of hydrate of barytes. 

Owing to the solubility of sul])hate of lime in water, and 
especially in dilute acids, sulphimc acid only prccij>itatcs 
that substance immediately from tolerably strong solutions of 
salts of lime. In more dilute solutions, the lU'ccipitate of 
sulphate of lime aj)pcars after a time, but in very dilute 
solutions, or, what is the same thing, when a very weak 
solution of a sulphate is employed, no precipitate at all 
appears. Sulphate of lime is still more freely soluble in a 
solution of common salt than in water. 

The most complete precipitant of lime is oxalate, of 
monia. This reagent, as well as oxalic acid, produces in 
neutral solutions of lime a prefeipitate of oxalate of lirpe, 
which is insoluble in water, oxalic acid, And acetic acid, but 
soluble in muriatic and nitric acids. As barytes and strontian 
are likewise precipitated from their solutions by oxalate 
of ammonia, the absence of these two earths should be 
insured by adding sulphate of soda to the solution to be 
tested, and filtering, if a precipitate is produced, before testing 
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for lime by oxalate of ammonia. Sufficient lime, remains in 
solution after sulphate of soda has been applied to give a very 
sensible precipitate with oxalate of ammonia. 

No precipitate is produced in solutions of lime by hydro- 
Jluosilicic acid. 

Soluble salts of lime communicate a yellowish red, colour 
to the flame of alcohol. 

4. Magnesia. — Salts of magnesia are distinguishable by 
several characters from salts of the other alkaline earths, par- 
ticularly, 1st, by the solubility of sulphate of magnesia in 
water, so that no precipitate is produced in magnesian solutions 
by sulphuric acid; 2dly, by the tendency of salts of magnesia 
to form soluble double salts with ammonia, which prevents 
the precipitation of magnesia m the presence of an ammoniacal 
salt by potash^ ammonia^ carbonate of soda^ and carbonate of 
ammonia (see the Table, page 46.); and, 3dly, by the difiicult 
solubility of the hydrate of magnesia in water, so that 
ammonia causes a precipitate of hydrate of magnesia in 
neutral magnesian solutions which do not contain an am- 
moniacal salf/. 

When ammonia, or carbonate of ammonia, is added to a 
sol 11 lion of magnesia containing a free acid, an ammoniacal 
salt is of course formed, which prevents the precipitation of 
magnc.^ia. But when either of these reagents is mixed with 
a neutral solution of a salt of magnesia, the ammoniacal salt 
which results from the decomposition of the magnesian salt 
is not in sufficient quantity to keep the whole of the magnesia 
present from being precipitated. 

Solutions of magnesian salts are not precipitated by hy- 
drofluosilieic add. 

,A solution of phosphate o f soda produces a white precipitate 
of phosphate of magnesia in neutral and tolerably strong 
solutions of magnesia. But if ammonia is also present, 
phosphate of soda Is a very sensitive test for magnesia, as it 
precipitates that earth from very dilute solutions, as a basic 
phosphate of magnesia and ammonia. This precipitate is 
insoluble in ammoniacal salts, but freely soluble in ^1 acids. 
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(For the precautions to be adopted in applying this reagent, 
see the process for the quantitative estimation of magnesia.) 

Before testing a li(iuid for magnesia by phosphate of soda 
and ammonia, the absence of barytes, lime, and strontian 
should be previously secured by boiling the liquid either with 
carbonate of ammonia and muriate of ammonia, or with a 
mixture of sulphate of soda, oxalate of ammonia, and muriate 
of ammonia. 


K 4 
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CHAPTER IL Behaviour of Salts of 



Potash. 

Carbonate of Potash. 


1. Alumina. 

(See also p. 64.) 

• 

A bulky wliite ppt. of 
• hydrate of alumina, 
sol. in ex. ; re-pptd. 
by mur. am. 

A bulky white ppt. 
(hydrate of alumi- 
na) insol. in ex., 
insol. in mur. am. 


2. Cerium, prot- 
ojtidc of. 

(See also p. 64.) 

A bulky white ppt. of 
protoxide, insol. in 
ex. It becomes 

brownish by ex- 
posure to air. 

A bulky white ppt., 
slightly sol. in ex. 
(carbonate of ce- 
rium). 

0 

3. Cliromium, ox- 
ld(‘ of. 

(See also p. 6.>. ) 

A clear green ])pt. of 
liydrated oxide, sol. 
in ex., re-pptd by 
mur. am. and also 
by long boiling. 

A green ppt. of oxide 
of chromium be- 
coming blue,* sol. 
in a large ex. 


I 

4. Cobalt, oxide of. 
(See also p. 66.) | 

i 

A blue ppt. of a sub- 
salt of cobalt, insol. 
in ex. ; becomes 
green and red on 
exposure. 

A red p]>t. of subcarb. 
cobalt, which be- 
comes blue on l)oil- 
ing the liquid. 


I 

5. Glucina. 

(See also p. 66.) ' 

i 

iH'* i 

i 

A bulky wdiitc ppt. of 
giueina, sol. in ex. ; 
re-pptd, by mur. 
am., and dso by 
boiling, if dilute, 
but not if strong. 

A bulky white ppt. of 
carl), glucina ; sol. 
in large ex., insoh 
in mur. am. 

1 
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Second Class of Oxides with Reagents. 


Ammonia. 

Carbonate of ammonia. 

Ilydrosulphate of 
Ammonia. 

A volum. white ppt., 
insol. in ex . ; iiisol. 
in mur. am. 

As carbonate of potash. 
Effervescence occurs 
in strong solutions. 

. - 

A white ppt. of hy-t 
drate of alumina, 
insol. in ex., sol. in 
potash. 

A bulky white ppt. of 
protoxide, insol. in 
ex. 

A bulky white ppt. of 
carbonate of ce- 
rium, slightly sol. 
in ex. 

A whit^ ppt. of prot- 
oxide. 

A greenish ppt. of 
hydrated oxide, 

slightly sol. in ex., 
if cold, but not if 
hot. 

A green ppt. of hy- 
drated oxide, con- 
taining a little car- 
bonate. 

A greenish ppt. of 
oxide of chromium, 
with a little sul- 
phuret, insol. in ex- 
cess. 

First a blue ppt. of 
subsalt ; on adding 
more am. it becomes 
green ; sol. in large 
ex . ; sol. in mur. am. 

In neutral solutions, a 
red ppt. of carbo- 
nate, sol. in mur. 
am. 

A black ppt., insol. in 
ex., and in alkalies 
(sulphuret). 

A bulky white ppt. of 
glucina, insol. in ex. 
and in mur. am. 

A bulky white ppt. of 
carb. glucina, sol. in 
ex. 

A white ppt., sol. in 
potash (glucina). 
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Potash. 

Carbonate of Potash. 


6. Iron, peroxide 
of. 

(See also p. 6*7.) 

A brownish red ppt. 
of hydrated perox- 
ide, insol. in ex. 

The same as potash. 
Effervescence of 

CO2 in strong so- 
lutions. 


7. Iron, protoxide 
of. 

(See also p. 68.) 

First a white ppt. of 
hydrated protoxide, 
which becomes 

green, and, lastly, 
brown, by exposure 
to air. 

A greenish-white ppt. 
of carbonate, which 
becomes greener, 
and afterwards red 
by exposure to air. 
No ppt. if salts of 
am. are present. 


8. Lantunum, ox- 
ide of. 

(See also p. 68.) 

A reddish white ppt. 
of hydrated oxide, 
insol. in ex. 

A bulky white ppt. of 
carbonate, insol. in 

*ex. 


9. Manganese, 
protoxide of*. 

(See also p. 69.) 

A white ppt. of prot- 
oxide, rather sol. 
in mur. am. By 
exposure to air the 
ppt. absorbs oxygen 
and becomes brown. 

A white ppt. of carbo- 
nate, which does 
not blacken unless 
ignited : slightly 

sol. in mur. am. 

i 

i 


10. Manganese, 
deutoxide of. 

(See also p. 69.) 

A bulky brown ppt. of 
hydrated deutoxide, 
insol. in mur. am. 

1 

The same as potash. 


11. Nickel, oxide 
of. 

(See also p. 70.) 

An apple-green ppt. of 
oxide, insol. in ex., 
sol, in carbonate of 
ammonia. 

An apple-green ppt. 
of carbonate of nic- 
kel. 
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Ammonia. 

Carbonate of Ammonia. 

Hydrosulphate of 
Ammonia, 

The same as potash. 

As potash. The ppt. 
is partially sol. in 
excess, unless the 
soln. is dilute. 

A black ppt., insol. in 
ex. and in alkalies ; 
sol. in HCl. and 
NOr,, becomes 

brown on exposure 
(proto-sulphuret). 

The same as potash. 
No ppt. if ammo- 
niacal salts are 
present. 

The same as carbo- 
nate of potash. 

Ditto. 

A bulky white ppt. of 
a subsalt^ insol. in 
ex., insol. in mur. 
am. 

The same as carbo- 
nate of potash. 

A white pj)t. (oxide). 

A white ppt. of prot- 
oxide, which black- 
ens on exposure ; 
mur. am. prevents 
this precipitation. 

The same as carbo- 
nate of potash. 

Flesh colour, insoL in 
ex. and in alkalies, 
blackens on expo- 
sure (sulphuret). 

As potash. 

As potash. 

Flesh colour, insol. in 
ex. (sulphuret). 

A green ppt. of oxide, 
sol. in ex. ; re-pre- 
cipitated by potash. 

In neutral but not in 
acid solutions an 
apple green ppt., sol. 
in ex. 

A black ppt., slightly 
sol. in ex. (sul- 
phuret). 
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Potash. 

Carbonate of Potash, 

12. Tantalic acid. 
(Solution in bin- 
oxalate of pot- 
ash.) 

(See also p. 70.) 

A white ppt. sol. in 
large ex. 

A white ppt. 

1^. Titanic acid. 
(Solution of al- 
kaline titanate 
in a small quan- 
tity of H Cl.) 

(See also p. 70.) 

A white ppt. of titanic 
acid, insol. in ex., 
sol. in mur. acid. 

A white ppt. of titanic 
acid, slightly sol. in 
ex., soL in HCl. 

14. Thorina. 

(See also p. 71.) 

A gelatinous white ppt. 
of thorina, insol. in 
ex. 

A white ppt. of sub- 
carbonate, sol, in 
large ex. 

15. Uranium, prot- 
oxide of, 

(See also p. 71.) 

A bulky brown ppt. 
of oxide, insol. in 
ex. 

A greenish ppt. of 
carbonate, sol,* in 
large ex. 

16. Uraniuip, per- 
oxide of. 

(See also p. 72.) 

A yellow ppt. of ura- 
nate of pot./ insol. 
in ex. 

A yellow ppt., sol. in 
ex. ; re-pptd. on 
standing. 

17. Vanadium, ox- 
ide of. 

(See also p. 72.) 

A dirty white ppt. of j 
hydrated oxide, sol. 
in ex, ; re-pptd.bya 
greater ex. in com- 
bination with pot. 

The same as potash. 

18. Yttria. 

(See also p. 73.) 

A volum. white ppt. of 
hydrate of yttria, 
insol. in ex. 

A bulky white ppt. of 
carbonate, slightly 
sol. in ex. 
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Ammonia. 

Carbonate of Ammonia. 

Hydrosulphate of 
Ammonia. 

A white ppt., insol. 
in ex. 

A white ppt. insol. in 
ex. 

A white ppt. with ef- 
fervescence (tan- 
talic acid). 

The same as potash. 

The same as carbo- 
nate of potash. 

A white ppt. of titanic 
acid. 

The same as potash. 

The same as carbo- 
nate of potash. 

A white ppt. of tho- 
rina. 

A dark brown ppt. of 
oxide, insol. in ex.; 
becomes yellow on 
exposure to air. 

A greenish ppt. of 
carbonate, sol. in 
ex. 

A black ppt., insol. in 
ex. (proto-siilphu- 
ret). 

A yellow ppt. of ura- 
nate of ammonia, 
insol. in ex. 

The same as car- 
bonate of potash. 

Brown, very slightly 
sol. in ex. (persul- 
phuret). 

A brown ppt., sol. in 
pure water, but in- 
sol. in water con- 
taining ammonia. 

A grey ppt. gradually 
becoming brown. 

Brown black, sol. in 
ex., forming a purple 
solution (sulphur* 
ret). 


A bulky white ppt. of 

A bulky white ppt. of 

A white ppt. of hvdrate 


hydrate of yttria. 

carbona’te, sol. in 

of yttria. 


1 insol. in ex. 

1 

large ex. 

1 
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Potash. 

Carbonate of Potash. 

19. Zirconia. 

(Sec also p. 75.) 

A bulky white ppt. of 
hydrate of zirconia, 
insoluble in ex. 

No ppt. at first; after- 
wards a bulky white 
})pt. of carbonate, 
slightly sol. in ex. 

20. Zinc, oxide of. 
(See also p. 75.) 

A gelat. white ppt. of 
hydrated oxide, sol. 
in ex. 

A white ppt. of sub- 
carbonate, insol. in 
ex. ; sol. in potash, 
am.and ammoniacal 
salts. 


ADDITIONAL OBSERVATIONS ON ‘THE CHARACTERS OP 
THE SECOND CLASS OF METALLIC OXIDES, 

The bodies included in this class are distinguislied from 
all other substances by their comportment with sulphuretted 
hydrogcii and hydrosulphatc of ammonia. Unlike the 
members of the First Class (pp. 44, 45.), they are preci{)itated 
by hydro.sul]>hate of ammonia ; and they differ from the Third 
Class in not being pr('clj)itated from solutions containing a 
free acid, by sidphurettcd hydrogen. In some other respects 
the members of this class exhibit considerable dissimilarity in 
their comportment with reagents. 

Of the hydrated oxides precipitated by caustic potash from 
solutions of these bodies, some are easily and completely 
dissolved by an excess of the alkali, but others remain un- 
dissolved. Those which arc soluble in solution of potash 
are, 

• Alumina, 

Oxide of chromium, 

Gluqna, 

Taiitalic acid (hydrated), 

Oxide of vanadium, 

Oxide of *inc. 

TSic precipitates produced in the neutral solutions of these 
bodies by hydrosulphate of ammonia do not all possess a 
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Ammonia. 

Carbonate of Ammonia. 

Hydrosulphate of 
Ammonia. 

The same as potash. 

A bulky white ppt. of 
carbonate, sol. in ex. 

A bulky white ppt. of 
zircouia. 

A bulky white ppt. of 
hydrated oxide, sol. 
in ex. 

i A white ]ipt. of sub- 
1 carbonate, sol. in ex. 

A white ppt., insol. in 
ex.(sulphuret). 


Similar (chemical constitution, some of these precipitates 
being hydrated oxides, while others arc sulphurets. The 
following are those whose solutions afford precipitates of 
hydrated oxides with hydrosulphatc of ammonia : — 

Alumina, 

IVotoxide of cerium. 

Oxide of chromium, 

(Tlucina, 

Oxide of lantanum, 

TatJtalic acid. 

Titanic acid, 

Tliorina, 

Y ttria, 

Zircouia. 

The precipitates produced by hydrosulphate of ammonia in 
solutions of the following are suljdiurets : — 

Oxide of cobalt, 

Peroxide of iron. 

Protoxide of iron. 

Protoxide of manganese, 

Deutoxide of manganese, 

Oxide of nickel, 

Protoxide of uranium, 

Peroxide of uranium, 

Oxide of vanadium, 

Oxide of zinc. 
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1, Alumina. — The soluble salts of alumina, though 
neutral in constitution, affect litmus paper in the manner of 
free acids, and possess an astringent and slightly acid taste. 
Pure alumina is perfectly insoluble in water. 

A strong solution of an aluminous salt, when mixed with a 
saturated solution of sulphate of jwtash and a little free sul- 
phuric acid affords crystals of common alum. 

Alumina is recognised by its solubility in potash, inso- 
lubility in ammonia and alkaline carbonates, and freedom 
from colour. A characteristic test for tliis earth consists in 
heating it before the blowpipe with a solution of nitrate of 
cobalt, whereby it requires an azure colour (see the chaj)ter 
on Blowpipe Analysis). 

The action of reagents on solutions of alumhia is greatly 
impeded by the presence of non-volatile organic matters, that 
is, those organic bodies not volatilized by heat without being 
carbonized. When these arc present, the solution should 
be evaporated to dryness, the organic matters destroyed by 
calcination at a red heat, and th^ residue be dissolved in hy- 
drochloric acid; to which solution the tests for alumina 
should be applied. 

2. Protoxide of ceriUm, — The neutral salts of protoxide of 
cerium redden litmus paper in the manner of free acids. 
The white hydrated protoxide of cerium, as precipitated by 
caustic alkalies from solutions of the protoxide, becomes 
brownish when exposed to the air, through the absorj)tion 
of oxygen, the protoxide of cerium being converted into 
the peroxide. By calcination in the open* air the prot- 
oxide acquires a reddish colour througli the absorption of 
oxygen. This is one of the tests employed to distinguish 
protoxide of cerium fnmi thorina and yttria. 

When a very dilute solution of sulphate of protoxide of 
cerium (say one part of the sulphate in one hundred parts or 
more of water) is boiled, the liquid becomes opaque, and 
deposits nr yellow precipitate of subsulphate of protoxide of 
cerium. By this character, protoxide of cerium may be dis- 
tinguished from oxide of lantanum. 
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From alumina and glucina, protoxide of cerium differs by 
its insolubility in caustic potash. The presence of non- 
volatile organic matters prevents the precipitation of prot- 
oxide of cerium by alkalies. 

The peroxide of cerium dissolves in hot hydrochloric acid, 
with disengagement of chlorine, arid reduction of the peroxide 
to protoxide of cerium. Even when the peroxide of cerium 
is dissolved in dilute boiling sulphuric acid, the peroxide is 
likewise reduced to protoxide. The precipitates of protoxide 
of cerium, however, produced by alkalies in such solutions, 
have a yellowish tint, due to the presence of a little peroxide 
(Rose). Valerianic acid, according to M. Buonaparte, pre- 
cij)itates peroxide of cerium from its solutions. 

3. Oxide of chromium . ; — The solutions of most of the 
salts of oxide of chromium possess a green colour by reflected, 
and a reddish violet colour by transmitted, light. The soluble 
neutral salts of chromium redden litmus paper. Before being 
ignited, oxide of chromium is readily dissolved by acids, but 
afterwards it is insoluble in all acids with the exception of 
hot concentrated sulphuric acid. 

When oxide of chromium or any compound containing 
that oxide is fused with nitre, the oxide of chromium ac- 
quires oxygen, and passes into the state of chromic acid, 
which unites with the potash of the nitre to form the yellow 
chromate of j)otash. This compound forms a deep yellow 
solution in water. (See the characters of chromic acid.) 

The blowpipe tests for oxide of chromium are particularly 
delicate. (See the chapter on Blowpipe Analysis.) 

. Oxide of chromium approaches very near to alumina in its 
comportment with reagents, both these bases being soluble 
in a caustic alkali, and capable of being reprecipitated from 
such a solution by muriate of ammonia ; on which account 
alumina may sometimes be overlooked, when mixed with 
oxide of chromium. The solubility of the oxide of chro- 
mium in a large excess of a solution of carbonate of potash 
presents one mode of separating these two bases ; and the 
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precipitability of oxide of cliromium from its solution in 
caustic potash by ebullition affords another mode. The best 
method, however, consists in fusing the mixture with nitre, 
in order to convert the oxide of chromium into chromic acid, 
and adding muriate of ammonia to the solution of the fused 
mass in water, whereupon alumina, if present, is precipitated. 

The presence of non-volatile organic bodies impedes the 
precipitation of oxide of chromium by the alkalies. 

4. Oxide of cobalt — Solutions of oxide of cobalt, and 
most hydrated salts of this oxide, possess a peculiar reddish 
colour; but the anhydrous compounds of oxide of cobalt are 
mostly blue. The precipitation of oxide of cobalt l)y al- 
kalies, but not by hydrosulphate of ammonia, is impeded by 
the presence of non-volatile organic bodies. The soluble 
salts of cobalt redden litmus paper, though neutral in con- 
stitution. In strong acid solutions of cobalt, ammoriia pro- 
duces no precipitate, because the ammoniacal salt produced 
by ammonia and the free acid retains the oxide of cobiilt in 
solution. Hydrosulphate of ammonia, however, precipitates 
all the cobalt from such an ammoniacal solution, as sulpliuret. 

By far the most delicate, as well as characteristic, test for 
cobalt consists in fusing the substance with borax before the 
blowpipe, as the smallest trace of cobalt communicates to 
melted borax a decided blue colour. (See the chapter on 
Blowpipe Analysis.) 

5. Glucina, — When hot solutions of salts of glucina are 
mixed with a hot solution of fluoride of potassium until a 
precipitate begins to appear, on cooling the mixture, a 
slightly soluble double fluoride of glucinum and potassium 
is deposited in scaly crystals. According to Berzelius, this 
property is characteristic of salts of glucina. It must be 
remembered, however, that oxide of lantanum produces a 
white flocculent precipitate with fluoride of sodium. 

Neutral solutions of salts of glucina redden litmus. paper, 
and possess a rather characteristic sweet taste. The usual 
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action of reagents on solutions of glucina is impeded by the 
presence of non-volatile organic matters ; these bodies should 
therefore be destroyed by ignition, and the residue be dis- 
solved in hydrochloric acid. 

The solubility of glucina in caustic potash may sometimes 
lead to the confusion of this earth with alumina. These 
bodies are distinguished by the solubility of glucina in 
alkaline carbonates, particularly carbonate of ammonia, and 
by the different appearances they present when heated with 
a solution of nitrate of cobalt before the blowpipe. (See the 
chapter on Blowpipe Analysis.) 

6. Peroxide of iron. — The usual colour of strong solutions 
of peroxide of iron is reddish or yellow. Blue litmus paper 
is reddened by neutral solutions of the peroxide of iron. 

An extremely delicate and characteristic test for peroxide 
of iron in neutral or slightly acid solutions is the yellow 
prussiate of potash, which produces a deep blue precipitate 
of Prussian blue, insoluble in acids, but decomposed by 
caustic alkalies, with separation of peroxide of iron. (Sec 
page 29.) 

A solution of red prussiate of potash imparts a brownish 
gr^en colour to solutions of peroxide of iron, but no pre- 
cipitate is formed. 

In neutral and acid solutions of peroxide of iron, sulphuretted 
hydrogen causes a milk-white precipitate of sulphur, and 
reduces the peroxide to the state of protoxide, or the per- 
chloridc to protochloride (see the note at page 41.) ; but all 
the iron remains in solution. 

A very delicate test for peroxide of iron is an infusion of 
galUnuts, which produces a blueish-black precipitate, in solu- 
tions of this oxide containing no free acid or alkali, and no 
oxidizing agent, such as free chlorine. (See page 30.) 

In the presence of non-volatile organic bodies, peroxide of 
iron is not precipitated by alkalies ; these matters, however, 
do not hinder its detection by yellow prussiate of potash. 

When a solution containing peroxide of iron is heated with 
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any non-volatile polybasic * acid (as tartaric, citric, racemic, 
malic, mucic, and kinic acids), or in fact with most common 
vegetable matters, as chips of wood, twigs of trees, hay, 
sugar, starch, paper, &c., the peroxide of iron is reduced to 
protoxide with facility. In some cases the reduction takes 
place at the ordinary temperature. 

7. Protoxide of iron. — The hydrated salts of protoxide of 
iron and their strong solutions possess a greenish colour. 
Litmus paper is reddened by the soluble neutral salts of this 
oxide. 

The red prussiate of potash is as delicate and characteristic 
a test for protoxide of iron, as .the yellow prussiate of potash 
is for the peroxide. With extremely minute traces of 
protoxide of iron, the red prussiate produces a deep blue 
precipitate, consisting of a variety of prussian blue, which is 
insoluble in acids, but is decomposed by caustic alkalies with 
separation of protoxide of iron. (See page 30.) 

The yellow prussiate of potash produces in a solution of 
protoxide of iron, perfectly free from the peroxide, a greenish 
white precipitate, which soon absorbs oxygen from the air 
and becomes blue. 

The presence of ammoniacal salts partially prevents the 
precipitation of protoxide of iron by caustic potash^ and 
entirely by ammonia^ but not by hydrosulphate of ammonia. 
Several organic matters likewise impede the precipitation of 
protoxide of iron by alkalies. 

Protoxide of iron in solution may be distinguished from 
all other metallic oxides by its comportment with the red 
prussiate of potash described above. 

8. Oxide of lantanum. — The hydrated salts of oxide of 
lantanum, according to M. Hermann, mostly possess a rose 
colour. Fluoride of sodium produces in their solutions a 
white floccuient precipitate of fluoride of lantanum ; sulphate 
of potash^ a white pulverulent precipitate of double sulphate 

* By a polybasic acid is meant an acid, one equivalent of which requires 
more than one equivalent of a base to form a neutral salt. 
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of oxide of lantanum and potash of difficult solubility ; phos^ 
phoric and oxalic acids and their salts, white precipitates sliglitly 
soluble in an excess of the acid; and pellow prussiate of 
potash, a white precipitate. 

The reddish brown precipitate of hydrated oxide of 
lantanum produced by caustic potash speedily absorbs car- 
bonic acid when exposed to the air, and thereby becomes 
white, if free from oxide of cerium and protoxide of man- 
ganese. When ammonia is added to a solution of oxide of 
lantanum, also containing an earth or a metallic oxide, which 
is not commonly precipitated by ammonia in the presence of 
an ammoniacal salt, as lime, magnesia, and protoxide of 
manganese, the subsalt of lantanum thereupon precipitated 
always carries down with it a portion of the other base pre- 
sent, whatever quantity of an ammoniacal salt be applied to 
retain the other bases in solution (M. Hermann). 

9. Protoxide of manganese, — The hydrated salts of pro- 
toxide of manganese and their strong solutions possess a 
faint pink colour. Their neutral solutions do not affect 
litmus paper. 

The presence of ammoniacal salts in considerable quantity 
partially prevents the precipitation of protoxide of manganese 
by caustic potash, and completely by caustic ammonia, a 
double salt of protoxide of manganese and ammonia being 
formed, which resists decomposition by ammonia. When a 
solution of such a double salt containing free ammonia is 
exposed to the air, oxygen is gradually absorbed, and a 
brown precipitate of hydrated peroxide of manganese is 
formed. 

A solution of chloride of lime (bleaching powder) produces 
in solutions of protoxide of manganese, a brown precipitate 
of hydrated peroxide of manganese. (See the chapter on 
Blowpipe Analysis for an extremely delicate and charac- 
teristic test for manganese.) 

10. Deutoxido of manganese, — The deutoxide of manganese 
dissolves in cold hydrochloric acid, forming a deep brown 
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solution, and in cold sulphuric acid, a little diluted, forming a 
violet coloured liquid. Both of these solutions, however, are 
converted by ebullition into solutions of the protoxide of 
manganese ; rapidly in the case of hydrochloric acid, with 
evolution of free chlorine ; but slowly in the case of sul- 
phuric acid, with disengagement of oxygen. Dcutoxide of 
manganese, in solution, is readily reduced to protoxide by 
contact with organic matters. 

Sulphuretted hydrogen produces in solutions of the deu- 
toxide of manganese, a milk-white precipitate of sulphur, 
through the reduction of the deutoxidc to protoxide. (See 
the note at page 41.) 

11. Oxide of nickel . — The hydrated salts of nickel and 
their solutions possess a green colour, and redden litmus paper 
freely. 

In qualitative analysis, oxide of nickel Is sometimes con- 
founded with oxide of cobalt. These oxides may be distin- 
guished by the comportment of their ammoniacal solutions 
with caustic potash. The ammoniacal solution of oxide of 
cobalt, if it contains a small quantity of a salt of ammonia, 
does not afford a precipitate with caustic potash ; but the 
amuioniacal solution of oxide of nickel yields in such circum- 
stances a precipitate of oxide of nickel. (See also a process 
for the quantitative separation of cobalt from nickel, by 
means of cyanide of potassium.) 

The presence of organic bodies impedes the precipitation of 
oxide of nickel by alkalies, but not by hydrosuli)hate of 
ammonia. (See the Blowpipe Test for Nickel.) 

12. Tantalic aSid, — After having been heated to redness, 
alone, tantalic acid is insoluble in all liquids. After having 
been fused with potasli, it dissolves in water, and in .this 
alkaline solution hydrochloric acid produces a precipitate of 
tantalic acid, which is insoluble in an excess of acid. 
According to Rose, this is the most characteristic property of 
tantalic acid. 

From silica, with which it might be confounded by the 
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above test, tantallc acid is distinguished by its characters 
before the blow-pipe. (See the chapter on Blowpipe Analysis.) 

13. Titanic add, — After having been heated to redness, 
alone, titanic acid is insoluble in all acids with the exception 
of boiling oil of vitriol. The precipitate of titanic acid pro- 
duced by adding ammonia, to a solution of an alkaline titanate 
in hydrochloric acid, is soluble in hydrochloric acid, unless it 
has been warmed even slightly, in which case it does not 
form a clear solution. (Kose.) 

When the solution of an alkaline titanate in hydrochloric 
acid is boiled, titanic acid is precipitated (though incompletely) 
in a form nearly insoluble in acids. The precipitation of 
titanic acid by ebullition is more complete when the solution 
of the acid has been effected in concentrated sulphuric acid, 
and the solution ^afterwards largely diluted. 

AV^heri a piece of metallic zinc is placed in a solution of an 
alkaline titanate in hydrochloric acid, the liquid gradually 
acquires a blue colour, and at length a blue precipitate is 
formed, which slowly becomes white. If the zinc is removed 
from the blue liquid while the latter is yet clear, and caustic 
potfish or ammonia applied, a blue precipitate is produced, 
which gradually whitens, with disengagement of hydrogen 
gas. If the titanic acid has been previously precipitated 
by ebullition, it likewise becomes blue by contact with zinc. 
A very dilute solution of titanic acid does not, however, 
afford these indications. A piece of tin or iron may be sub- 
stituted. for zinc In this experiment. (Rose.) 

The presence of several non-volatile vegetable matters 
prevents the precipitation of titanic acid by the alkalies, and 
also by ebullition. 

Titanic acid may be distinguished from all other bodies by 
its property of being precipitated by ebullition, and by its 
comportment with metallic zinc. 

14. Thorina. — The salts of thorina, which arc soluble in 
water, are decomposed l)y being heated to redness, their acids 
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being volatilised. The solutions of the sulphate, and some 
other salts of this earth, afford precipitates on being boiled ; 
except when a base is present, with which thorina forms a 
double salt, in which case no change occurs on ebullition. 
Thorina is distinguished from alumina and glucina by being 
insoluble in caustic potash. 

15. Protoxide of uranium. — The compounds of protoxide 
of uranium generally possess a green colour. Pure prot- 
oxide of uranium is scarcely soluble in hydrochloric acid ; but 
in sulphuric acid, slightly diluted, it dissolves with the aid of 
heat, forming a green solution. It readily dissolves in nitric 
acid, but not without conversion into the peroxide of 
uranium. 

Non-volatile organic matters prevent the precipitation of 
protoxide of uranium by alkalies. 

As the indications of protoxide of uranium with re-agents 
are not so characteristic as those of peroxide of uranium, it 
is advisable, when testing for uranium, to heat the substance 
with nitric acid, in order to convert the protoxide, if present, 
into peroxide. 

16. Peroxide of uranium, — Most of the compounds con- 
taining peroxide of uranium, whether soluble or insoluble, 
possess a yellow colour. The yellow precipitates produced 
in solutions of the peroxide of uranium by alkalies are 
combinations of the alkali with the peroxide, and not the 
hydrated peroxide itself. When the precipitate produced 
by ammonia is heated to redness, ammonia and oxygen gas 
are disengaged, and the dark green protoxide of uranium 
remains, insoluble in hydrochloric acid. But if the peroxide 
of uranium is associated with a fixed alkaline, or an earthy 
base, it does not become reduced to the protoxide by cal- 
cination. 

Almost all Ihc comjx)unds of peroxide of uranium, which 
are insoluble in water, are soluble in hydrochloric acid. 
The acids contained in such insoluble compounds are best 
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separated from the peroxide of uranium by hydrosulpliate 
of ammonia. (See such a process as this for the quantitative 
separation of phosphoric acid from peroxide of uranium, 
under Phosphorus.) 

Peroxide of uranium is distinguished from other bodies 
by its comportment with alkalies and hydrosulphate of 
ammonia. The appearances which oxide of uranium presents 
before the blowpipe are also characteristic. 

Non-volatile organic bodies impede the precipitation of 
peroxide of uranium by alkalies to a certain extent, 

17. Oxide of vanadium. — The aqueous solutions of salts 
of vanadium possess a fine blue colour, but of little depth. 
Their taste is sweetish and astringent, like that of the salts 
of protoxide of iron. Oxide of vanadium is soluble in acids 
after being ignited, though but slowly. 

Vanadium is most easily recognised by re-agents when 
in the state of vanadic acid (the characters of which are 
described at pp. 102. 112.); hence it is advisable to fuse the 
substance under examination with nitre, in order to convert 
the lower oxides of vanadium, if 2>resont, into vanadic acid, 
and to apply the tests for vanadic acid to the solution of the 
fused mass. 

18. Yttria. — The neutral salts of yttria redden litmus 
paper, and [)0sscss a sweetish astringent taste. Yttria, 
unlike zircon la, is soluble in acids after being calcined. 

Yttria is distinguished from several of the earths with 
which it is likely to be confounded, by oxalic acid^ which 
produces even in slightly acid solutions of yttria a volumi- 
nous white preciiiitate of oxalate of yttria, soluble in 
hydrochloric acid. 

From alumina and glucina, yttria is distinguished by its 
insolubility in caustic potash. 

19. Zirconia. — The neutral solutions of salts of zirconia 
redden litmus pai)er. In the hydrated state, zirconia is 
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easy of solution in acids, but, after being strongly heated, 
it is insoluble in nearly all acids. This character serves to 
distinguish zlrconia from yttria. Boiling sulphuric acid, 
however, slowly acts on ignited zirconia, and renders it 
soluble in water. 

Oxalic acid produces in solutions of zirconia a bulky 
precipitate of oxalate of zirconia, which is soluble only in 
a large excess of hydrochloric acid. 

A solution of sulphite of ammonia produces, in neutral 
solutions of zirconia, a j^rccipitate of subsiilphite of zirconia, 
which dissolves on applying an excess of suljdilte of annnoiiia. 
On boiling this solution, sulphurous acid is disengaged, and 
hydrate of zirconia is precipitated. 

Several organic substances and an excess of sulphite of 
ammonia prevent the precipitation of zirconia by alkalies. 

20. Oxide of zinc, — The compounds of oxide of zinc are 
colourless, except those which derive a colour from their 
constituent acid. Their neutral solutions nnlden litmus 
paper. Strong ignition docs not render oxide of zinc 
insoluble in acids. 

Sulphuretted hydroijeii produces a white ])rcci])itatc of 
sulphurct of zinc in neutral, but not in acid, solutions of 
zinc. Tf, Jiowever, the free acid be a weak one, as acetic, 
sulphuretted hydrogen may produce a precipitate of sulpliuret. 
Hydrosulphate of ammonia * precipitates sulpliuret of zinc 
from neutral and alkaline solutions of oxide of zinc. 

The action of re-agents on solutions of zinc is (considerably 
interfered with by the presence of non-volatile organic matters. 
To detect zinc In a solution containing such bodies, ammonia 
in excess may be added to the solution, and if a precipitate 
is produced, the liquid should be filtered, and the jirecipitate 
examined for zinc before the blowpipe. The filtered liquid 
should also be tested for zinc by hydrosulphate of ammonia, 
and the precipitate thereby produced, if there is any, should 
be examined before the blowpijie. It is sometimes necessary 
to decompose the organic matters by boiling the substance 
with dilute nitric acid, then to filter and test the filtered 



WITH REAGENTS. 75 

liquid with ammonia and hydrosulphate of ammonia, as 
above. 

The comportment of oxide of zinc when heated alone on 
charcoal before the blowpipe, and also with a solution of 
nitrate of cobalt, is characteristic. (See the chapter on Blow- 
pipe Analysis.) 

The principal characters by which oxide of zinc may be 
recognised are its solubility in potash and ammonia, and 
its precipitability from alkaline as well as neutral solutions 
by hydrosulphate of ammonia, as a white sulphuret. 



76 


BEHAVIOUB OF SUBSTANCES 


CHAPTEE 111.— Behaviour of Salts of 

Sbotion I. 


• 

Potash. 

Carbonate of 
Potash. 

Ammonia. 

1, Antimony 
oxide of. 
(Solution in 
hydrochloric 
acid.) 

(See also p. 85/ 

A white ppt. of 
oxide, sol. in 
ex. 

A white ppt. of 
oxide, insol. in 
ex. 

A white ppt. of 
oxide, insol. in 
ex. 

2. Bismuth, 
oxide of. 
(See also p.85.J 

A white ppt. of 
oxide, insol. in 
ex. V 

A white ppt. of 
carbonate, in- 
sol. in ex. 

A white ppt. of 
oxide, insol. in 
ex. 

3. Cadmium, 
oxide of. 
(See also p. 86.) 

A white ppt. of 
oxide, insol. in 
ex. 

A white ppt. of 
carbonate, in- 
sol. in ex. 

A white ppt. of 
oxide, very sol. 
in ex. 

4. Copper, 
suboxide 
of. 

(See also p. 87.) 

Pot. in ex. pro- 
duces a yel- 1 
lowish ppt. of i 
suboxide, which; 
becomes black | 
on exposure. ! 

A yellow ppt. of 
carbonate of 
suboxide of 
copper. 

Excess of am. 
forms a co- 
lourless Ifquid, 
which becomes 
blue on expo- 
sure to air, 
through the 
absorption of 
oxygen. 
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Third Class of Oxides with Re-agents. 

Bases. 


Carbonate of Ammonia. 

Hydrosulphate of 
Ammonia. 

Sulphurettedllydrogcn 
(in an acid liquid). 

A white ppt. of ox- 
ide, insol. in ex. 

An orange red ppt. of 
sulphuret, sol. in 
ex. ; reprecipitated 
by acids. 

An orange red ppt. of 
sulphuret, in acid 
solns., sol. in alka- 
line sulphurets, in 
potash, and in boil- 
ing HCl. 

A white ppt. of car- 
bonate, insol. in ex.; 
effervescence. 

A black ppt. of sul- 
phuret, insol. in al- 
kaline sulphurets, 
alkalies, and dilute 
acids. 

A black ppt. of sul- 
phuret, insol. in al- 
kalies, alkaline sul- 
phurets, and dilute 
acids. 

A white ppt. of car- 
bonate, insol. in ex., 
and in mur. am. 

A yellow ppt. of sul- 
phuret, insol. in ex. 

A yellow ppt of sul- 
phuret, insol. in al- 
kalies, and alkaline 
sulphurets. 

The same as ammonia. 

A black ppt. of sub- 
sulphuret, insol. in 
ex. 

A black or brown ppt. 
of subsulphuret, in- 
soluble in alkaline 
sulphurets. 
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Potash. 

Carbonate of 
Potash. 

Ammonia. 


5. Copper, 
protoxide 
of. 

(See also p. 87/ 

A blue ppt. of 
hydrated oxide, 
insol. in ex . ; 
it becomes 

black, and an- 
hydrous on be- 
ing heated. 

A blue ppt. of 
of carbonate ; 
it becomes 

black on being 
heated. 

A blue ppt. of 
sub-salt, very 
sol. in ex., 
giving a deep 
blue solution, 
repptd. by ex- 
cess of potash 
as oxide. 


6. Gold, 
perchloride 
of. 

(See also p. 89.) 

In strong solns. 
only, a slight 
reddish ppt., 
sol. in ex. (per- 
oxide of gold). 

No precipitate. 

In strong solns. 
only, a yellow 
ppt. (fulmi- 
nating gold). 


7. Iridic ox- 
ide. 

(See also p. 90.) 

By pot. in ex. 
the soln. is de- 
colorised; only 
a very slight 
brown ppt. 

falls. On 

standing, the 
mixture be- 
comes blue. 

A brown red ppt. 
which slowly 
dissolves in an | 
ex. i 

As potash. When 
the mixture is 
j exposed to the 
air, a slight 
blue ppt. falls. 


8. Lead, ox- 
ide of. 

(See also p.910 

A white ppt., 
sol. in large 
ex. (asubsalt). 

j 

A white ppt. of 
carbonate, in- 
sol. in ex., sol. 
in potash. 

A white ppt. of a 
sub-salt, insol. 
in ex. (slowly 
formed in ace- 
tate). 


9. Mercury, 
suboxide 
of. 

(See also p.91*) 

A black ppt. of 
protoxide, in- 
sol. in ex. 

A yellow ppt. 
of carbonate, 
which becomes 
black on being 
heated. 

A black ppt., in- 
sol. in ex. (a 
basic salt of 
suboxide and 
am.) 
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Carbonate of Ammonia. 


The same as ammonia. 


In strong solus., a yel- 
low j)pt. witli effer- 
vescence (fulmi- 
nating gold). 


No ppt., but the sola, 
is slowly decolor- 
ised. 


A white ppt. of car- 
bonate, in.sol.in ex.; 
sol. in potash. 


Carb. am. in small 
quantity gives a 
grey ppt. ; in a large 
quantity, a black 
one. 


Hydrosulphatc of 
Ammonia. 

1 Sulpliurcttcd Hydrogen, 
(in an acid liquid). 

The same as sulphu- 
retted hydrogen. 

Brownish black sul- 
phuret, insoL in al- 
kalies, dilute acids, 
and sulphuret of 
potassium. 

A dark brown ppt. of 
sulphuret of gold, 
sol. in ex. 

A black ppt. of sul- 
phuret. 

A brown ppt. of sul- 
phuret, sol. in ex. 

The liquid is first de- 
colorised,- after- 

wards a brown ppt. 
is slowly formed. 

A black ppt. of sul- 
phuret, insol. in ex., 
in alkalies and dilute 
acids ; it is decom- 
posed by boiling ni- 
tric acid. 

A black ppt. of sul- 
phuret, insol. in al- 
kalies, alkaline sul- 
phurets, and dilute 
acids. 

A black subsulphuret, 
insol in ex. ; re- j 
solved by pot. into 
metallic mercury 
and bisulphuret. 

Black sulphuret, insol. 
in NO^., and alka- 
kaline sulphurets ; 
sol. with decompo- 
sition in aqua regia. 
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Potash. 

Carbonate of 
Potash. 

Ammonia. 


10. Mercury 
protoxide 
of. 

(See also p. 92 .] 

Pot. in excess 
gives a yellow 
ppt. of prot- 
oxide, insol. in 
’ ex.jbutifmur. 
am. is pre - 
sent, a white 
ppt. 

A reddish brown 
ppt; or if mur. 
am. is present, 
a white ppt. 

A white ppt, in- 
sol. in ex. (a 
basic salt of 
protoxide and 
am.). 


11. Molyb- 
dous ox- 
ide. 

(See also p. 94.) 

A brown black 
ppt, insol. in 
ex. (hydrate of 
the oxide). 

A brown black 
ppt., slightly 
sol. in ex. (hy- 
drate of the 
oxide). 

A brown black 
ppt, insol. in 
ex. (hydrate of 
the oxide). 


12. Molyb- 
dic oxide. 
(See alsop. 94.) 

A bulky brown 
black ppt, in- 
sol, in ex. (hy- 
drated. oxide). 

A brown ppt., 
sol. ill ex. (hy- 
drated oxide). 

A bulky brown 
black ppt, in- 
sol. in ex. (hy- 
drated oxide). 


13. Osrnic 
oxide. 

(See also p. 95*) 

A black ppt. 
formed only on 
boiIing,or after 
standing some 
time. 

A black ppt. on 
standing. The 
liquor above is 
bluish. 

A brown ppt. 
falls after some 
time. 


14. Palla- 
dious ox- 
ide. 

(See also p. 95.) 

A yellowish 

brown ppt, sol. 
in ex. (a sub- 
salt). 

A brow'nish ppt. 
of hydrated 
oxide, sol. in 
ex., repptd. on 
boiling. 

A yellowish 

brown ppt, 
sol. in ex. (a 
sub-salt). 


15. Platinous 
oxide. 

(See also p.95.) 

No ppt, if quite 
free from pla- 
tinic oxide. 

A brown ppt., 
slowly formed. 

A green, crystal- 
line ppt. of a 
double salt, 
containing am. 




WITH REAGENTS. 


81 



Carbonate of Ammonia. 

Ilydrosulphate of 
Ammonia. 

Sulphuretted Hydrogen 
(in an acid liquid). 


A Ayhite ppt. of a basic 
salt of protoxide 
and ammonia. 

If in ex. a brown ppt. 
of protosulphuret, 
insol. in ex. (see 
page 93.). 

If in excess, a brown 
ppt. (see page 9.S.). 


A brown black ppt., 
sol. ill ex. (hydrate 
of the oxide). 

A yellowish brown 
ppt., sol. in ex., if 
no zinc is present. 

A brownish black ppt. 
of sulphuret, formed 
slowly. 


A brown ppt., sol. in 
ex. 

A brownish yellow 
ppt. of sulphuret, 
sol. in ex., re-pptd. 
by HOI. 

A brown ppt. of sul- 
phuret, formed 

slowly. 


The same as ammonia. 

A yellowish brown 
ppt, of sulphuret, 
insol. in ex. 

A yellowish brown ppt. 
of sulphuret, formed 
slowly. 


The solution is deco- 
lorised, but no ppt. 
is produced. 

A black j)pt. of sul- 
phuret, insol. in ex. 

A black ppt. of sul- 
phuret. 

1 

No precipitate. 

A dark brown ppt. of 
sulphuret, sol. in 
large ex. 

A black ppt. of sul- 
phuret, formed 

slowly, slightly sol. 
in ex. 
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Potash. 

1 Carbonate of 

1 Potash. 

1 Ammonia. 


16. Platinic 

If HCl. is pre- 

If IlCl. is pre- 

From per chloride 


oxide (per- 

sent, a yellow 

sent, a yellov/ 

of plat., a yel- 


cliloridc). 
(See also p. 96.^ 

ppt.,sol.inpot. 

ppt., insol. in 

low ppt., sol. 


if hot; insol. in 

1 dilute acids 

ex. (a double 
chloride of 

in ex. if hot ; 
insol. in dilute 



1 (a double chlo- 

plat, and po- 

acids (a double 



; rideof plat, and 

tassium). 

chloride of 

1 


potassium). 


plat, and am.). ! 

17. llliodic 

No ppt. in the 

As potash. 

1 

A yellowish ppt. 1 

oxide. 

cold, but on 


containing am., ; 

(See also p.96.) 

ebullition, a 
gelat. brownish 


I sol. in H(d., 
formed very 



yellow ppt. of 
oxide falls. 


slowly. 

18. Silver, 

A brown ppt. of 

A white ppt. pf 

A brownish ppt. 1 

oxide of‘. 

oxide, insol. in 

carbonate, sol. 

(ff oxide, very j 

(See also p. 97.) 

j 

1 ex., sol. in am. 

j 

1 in am. 

' 1 

sol. in ex. 

1 

19. Telluric j 

! 

A white ppt. of j A white ppt. of 

. 

A white ppt. of 


oxide. 1 

oxide, sol. in 

oxide, sol. in 

oxide, sol. in 


(See aIsop.9^.)i 

ex. 

i 

ex. 

ex. 


20. Tin, pro- 

• 

A white ppt. of 

A white ppt. of 

A white ppt. of 


toxide of. 

oxide, sol. in 

oxide, insol. in 

oxide, insol. in 


(See also p. 98.) 

i 

ex.; the soln. 
deposits metal- ; 
lie tin on be- 
ing heated. 

ex. 

ex. 

■ 


21. Tin, per-i 
oxide of. ' 

A vhite ppt. of 

A white ppt. of 

A white ppt. of 


oxide, sol. in 

oxide, sol. in 

oxide, sparing- 


(See also p. 99.)! 

ex. 

1 

large ex. 

ly sol. in ex. 
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Carbonate of Ammonia. Hydrosulphate of 

Sulphuretted Hydrojron 


Aiiimoiiia. 

(in an acid liquid ). 


If HCl. is present a A brownish black sul- 

1 

A brown ppt. of sul- 


yellow ppt. insol. phuret, soL in a 

phuret in acid or 


in ex. (a double large ex., and in al- 

neutral solns., form- 


1 chloride of plat, and kalies. 

ed very slowly. 


potassium.) 



j 

As ammonia. A brown sulphuret, 

A brown sulphuret. 


insol. in ex. 

formed very slowly. 


A white ppt. of car- Black sulphuret, insol. 

A black sulphuret, 


bonate, sol. in ex. in ex., in dilute 

the same as pro- 


acids, and in alka- 

duced by hydro- 


lies. 

sulph. am. 

! 


A white ppt. of oxide, A brown sulphuret, j 

A brown ppt. of sul- 


sol. in ex. very sol. in ex. j 

phuret, very sol. in 


1 

alkaline sulphurets. 


A white ppt. of oxide, A brown sulphuret, I 

A brown sulphuret. 


insol. in ex., sol. in slowly sol. in ex. , j 

sol. in pot. and in 

1 

potash. j 

1 

- 

alkaline sulphurets. 


A white ppt. of oxide, A yellow ppt. of bi- j 

A yellow ppt. of bi- 


insol. in ex. sulphuret, sol. in j 

sulphuret, in acid 


ex. in alkalies, al- j 

solns. 


kaline carbonates, 1 



and hot concentrated ; 



HCl. 


G 2 
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Additional remarks on the characters of such of the Third 
Class of Oxides as possess basic^ and not acid properties, — The 
distinguishing character of the third class of metallic oxides 
is, that their acid solutions afford precipitates of metallic sul- 
phurets when exposed to sulphuretted hydrogen. This class 
includes both metallic bases and metallic acids ; for conve- 
nience, the cliaractcrs of the bases and acids may be con- 
sidered separately. 

Of the precipitates of sulphurcts produced in the acid 
solutions of this class of metallic oxides, by sulphuretted 
hydrogen, some completely dissolve in solutions of alkaline 
sulpliurets, while others remain undissolvcd. 

This difference in character is the basis of a subdivision 
of the members of this class, which is of frequent applica- 
tion in qualitative analysis. The sulphurcts corresponding 
to the following oxides are soluble in solutions of alkaline 
sulphurcts : — 


Oxide of antimony. 
Oxide of gold. 
Iridic oxide. 
Molybdous oxide. 
Molybdic oxide. 


Platinous oxide. 
Platinic oxide. 
Telluric oxide. 
Protoxide of tin. 
Peroxide of tin. 


Tlie sulphurcts corresponding to the following oxides arc 
insoluble in solutions of alkaline sulphurcts : — 

Oxide of bismuth. Osmic oxide. 

Oxide of cadmium. I'alladious oxide. 

Oxide of copper.* Rhodic oxide. 

Oxide of lead. * Oxide of silver. 

Suboxide and protoxide, of mercury. 

The presence of alkaline cyanides (in excess), several 
organic acids, and organic matters in general, greatly inter- 
feres with the action of several reagents on solutions of some 
metals of this class, by preventing the formation of pre- 
cipitates. Organic matters may be removed by incineration, 
and alkaline cyanides, by boiling the solution with hydro- 
chloric acid. 

* The sulphuret of copper is slightly soluble in hydrosulphate of amilionia, 
but not in sulphuret of potassium. 
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1. Oxide of Antimony. — The compounds of oxide of 
antimony arc usually colourless, or nearly so. Litmus paper 
Is reddened by neutral solutions of salts of antimony. 

Oxide of antimony is readily dissolved by hydrochloric acid 
with formation of chloride of antimony ; but wlicn this solution 
is diluted with much water, the cliloride of antimony uudcri 2 ;()es 
a remarkable decomposition, being resolved into an insolulde 
basic chloride, or compound of oxide and chloride of anti- 
mony, which precipitates as a white powder, and an acid 
chloride which still remains in solution. The prcci])itated 
basic cliloride of antimony is soluble in tartaric acid and 
many other bodies of organic origin ; hence the adilition 
ol‘ one of these to the solution of chloride of antimony jire- 
vents the formation of a precipitate on dilution with waten*. 

Metallic antimony is precipitated from a solution of tlu‘, 
chloride ol* antimony by mctalUc zme^ in the form of a black 
jiowder. If sufficient free hydrochloric or sulphuric acid is 
present to cause a bi’isk evolution of liydrogcn gas, a jiortion 
of the reduced antimony combines witli hydrogen to foim 
the gas known as antimonietted hydrogen, tlie jiroperties of 
which are in some res]>ects similar to arsenietted hydrogen 
gas. The characters in which antimonietted hydrogen and 
arsenietted Jiydrogen resemble and dilfer from each otlier, are 
pointed out in the Chajiter on the Detection of Poisons. 

Antimony is distinguished from other metals by the orange- 
red colour of its sulphuret ; by the solubility of its sulphuret 
in solutions of alkaline snl})hurets, and also in boiling hydro- 
chloric acid ; by the decomposition of a solution of chloride 
of antimony by dilution with water ; by the solubility of the 
})rcci})itated basic chloride in a hot solution of bi tartrate of 
potash (cream of tartar); and by the appearances which 
oxide of antimony exhibits beiore the blowpipe. (Sec the 
Chap, on Blowpipe Analysis.) 

2. Oxide of Bismuth. — When a solution of a ^It of 
V)ismuth, containing but little free acid, is mixed with water, 
the salt of bismuth is resolved, like the chloride of antimony, 
into an insoluble sub-salt, which is precipitated as a dcmsc 
white powder, and a salt combined with excess of acid which 


G .3 
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remains in solution. The precipitated sub-salts of bismutli 
are insoluble in tartaric acid, by which circumstance they 
are distinguished from the similar precipitates produced by 
the dilution of solutions of antimony. The presence of or- 
ganic matters does not prevent the precipitation of salts of 
bismuth by dilution with water, nor by alkalies. 

Metallic bismuth is precipitated from its solutions by a 
piece of metallic zinc, in the form of a black spongy mass. 
If sufficient free acid is present to cause a lively effervescence 
of hydrogen gas, a little of the bismuth combines with the 
hydrogen to form a gas analogous to antimonletted and ar- 
senietted hydrogen. The manner of distinguishing this gas 
from arsenietted hydrogen is pointed out in the Chapter on 
the Detection of Poisons. 

Iodide of potassium produces in solutions of bismuth an 
orange precipitate of iodide of bismuth, very soluble in an 
excess of iodide of potassium. 

Chromate of potash ])roduces in bismuth solutions a yellow 
precipitate of chromate of bismuth, which difi'ers from the 
analogous precipitate of chromate of lead by being Insoluble in 
a solution of caustic potash, and soluble in dilute nitric acid. 

The principal characters by which bismutli may be dis- 
tinguished from other metals are, the precipitability of its 
salts from their solutions by water, and the insolubility of 
the precipitated sub-salt in tartaric acid; the comportmeiVt 
of its solutions with hydrosulphate of ammonia; and the 
insolubility of its hydrated oxide in caustic potash. 

3. OxiuE OF Cadmium. — The soluble salts of cadmium 
are colourless ; their neutral solutions redden litmus paper. 

When metallic zinc is placed in a solution of cadmium, 
metallic cadmium is precipitated in bright grey spangles. 

Non-volatile organic matters prevent the precipitation of 
oxide of cadmium by potash, but not of carbonate of the 
oxide ^of cadmium by alkaline carbonates. 

The formation of a yellow sulphuret with sulphuretted hy- 
drogen, and the insolubility of this sulpliurct in solutions of 
alkaline sulphurets, is a characteristic property of salts 
of cadmium. (See the Chapter on Blowpipe Analysis. ) 
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4. Suboxide of Coffer.— Hydrochloric acid is almost the 
only acid which dissolves suboxide of copper without decom- 
position. Sulphuric, and nearly all other acids, rCsolve sub- 
oxide of copper into metallic copper and protoxide of copper. 
Nearly all the compounds of suboxide of copper are eltluir 
white, yellow, red, or Ijrown ; when exposed in solution to 
the air, they absorb oxygen, and become salts of protoxide of 
copper, possessing either a blue or green colour. 

When a solution of subchloride of copper in hydrochloric 
acid is considerably diluted with water, the sul^chloridc is 
j)recipitatcd as a white powder. It is re-dissolved by a fresh 
addition of hydrochloric acid. 

A solution of yello^n prussiate of potash produces in the 
hydrochloric acid solution of subchloride of copper a white 
precipitate, which becomes reddish-brown on exposure to the 
air. In a similar solution, iodide of potassium forms a white 
precipitate of subiodide of copper, and the supernatant li- 
quor contains no free iodine, as happens when a salt of the 
protoxide of copper is substituted for one of the suboxide. 

On the first addition of caustic potash to the hydrochloric 
acid solution of subchloride of copper, the subchloride is 
precipitated as a white j)Owder; an excess of potash pro- 
duces the appearance mentioned in the Table. 

Suboxide of copper is distinguished from all other bodies by 
its comportment witli ammonia. When this alkali is added in 
excess to* a solution of the suhoxide of copper, a colourless 
liquid is obtained, which contains the suboxide in solution ; 
but on exposure to the air, the suboxidc rapidly absorbs 
oxygen, and passes into the state of protoxide, and the liquid 
at the same time acquires a deep blue colour. 

5. Protoxide of Copper. — The hydrated salts of prot- 
oxide of copper are either green or blue ; the anhydrous 
salts of the same oxide are either white or brown. The so- 
lutions of salts of protoxide of .copper in water, or in acids, 
possess a blue or green colour, even when highly diluted, 
liitmus paper is reddened by neutral solutions of protoxide 
of copper. 

Metallic iron, when placed in a solution of copper, preci|)i- 
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tates the latter metal with its characteristic colour. In a 
concentrated solution containing a little free acid, the copper 
is precipitated immediately in a pulverulent form : but from 
a dilute solution, the copper is precipitated more slowly, and 
as a coherent film on the piece of iron. The most conve- 
nient way of applying this test is to place the liquid under 
examination in contact both with iron and platinum, these 
two metals being also in contact, when copper, if present, is 
de]iosited as a red film on the platinum. In applying this 
test, a drop or two of the liquid may be placed on a clean 
piece of platinum foil, and both the liquid and the platinum 
touched with a bright piece of iron. 

Iodide of potassium produces in a solution of a salt of 
j)rotoxide of copper, a white precipitate of subiodidc of coi)per, 
while the supernatant liquid contains free iodine. The sub- 
iodide of copper is soluble in an excess of iodide of potas- 
sium. 

Yellow prusskite of potash produces in solutions of prot- 
oxide of copper a reddish-brown precipitate of fcrrocyanide 
of copper, insoluble in hydrochloric acid. This test is not 
only very characteristic, but extremely dcli(‘ntc, as it forms a 
precipitate in very dilute solutions of copper. 

Protoxide of copper may be distinguished from all other 
metallic oxides with great facility, by its comportment with 
ammonia (see the preceding Table), with yellow prussiate 
of potash, with hydrosulphate of ammonia, and with me- 
tallic iron. The blowpipe also affords ready means of de- 
tecting this metal. (See the Chap, on Blowpipe Analysis.) 

The presence of many organic matters materially affects 
the indications of cupreous solutions with rcfigents, parti- 
cularly with alkalies, the oxide of copper being preserved in 
solution by the organic matters, whatever excess of alkali 
is applied. Hydrosulphate of ammonia, however, when added 
to such an alkaline solution, produces a brown precipitate of 
sulphuret of coppei:, which should be collected on a filter, and 
examined before the blowpipe, or be dissolved in hot nitric 
acid, and the solution treated with the ordinary tests for copper. 
The indications of metallic iron and yellow prussiate of pot- 
ash with salts of copper are not influenced by organic matters ; 
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hence these are generally the most convenient tests to apply 
in such a case. The solution tested with either of tliese re- 
agents should contain a little free acid. (See also the me- 
thods of detecting copper in organic mixtures, described in 
the Chapter on the Detection of Poisons.) 

6. Oxide of (told. — The charaebTs of the solution of 
gold noted in the jmeceding Tabic, are those of perchloride 
of gold. Tlie combinations of oxide of gold with oxygen acids 
are almost unknown. 

When the perchloridc of gold is heated to a temperature 
of 400° or 500° F., it disengages a part of its chlorine, and 
becomes reduced to the state of protochloride of gold ; at a 
higher temperature the whole of the chlorine is evolved, and 
metallic gold remains. 

Litmus paper is reddened by a neutral solution of })er- 
chloridc of gold. 

Protosulphate of iron (copperas) is an appropriate reagent 
for the detection of gold in a neutral liquid. ^Mien inixi^d 
with a very dilute solution of gold, it produces at first a purple 
tint, or by reflected light, a green tint, which gradually dis- 
appears, when a dark brown precipitate of metallic gold makes 
its appearance. In a stronger solution, the precipitate of 
metallic gold is produced immediately. 

Another very delicate test for gold in a liquid, is a solution 
of protochloride of tin containing a little pcrchloride of tin, 
rendered clear by the addition of a little hydrochloric acid. 
In an extremely weak solutidn of gold, this reagent produces, 
at first, a purplish red tint, and afterwards a violet precipitate, 
consisting of a compound of protoxide of gold and peroxide 
of tin (purple of Cassius). In a stronger solution, this pre- 
cipitate is produced immediately. 

Sulphurous acid is another extremely delicate test for gold, 
but it is not applicable to solutions containing free hydro- 
chloric acid or much ammoniacal salts ; the free acid, if any 
is present, should therefore be neutralized by potash or soda, 
before this reagent is applied. In a highly diluted solution 
of gold it produces a blue colour, and when the liquid is 
boiled, a precipitate of metallic gold. 
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Oxalic acid also precipitates metallic gold from solutions of 
this metal, slowly in the cold, but more quickly if the mix- 
ture is heated. 

Organic matters^ in general, when introduced into a solu- 
tion of gold, occasion the formation of a precipitate either of 
metallic gold or of protoxide of gold. By some of these 
bodies the reduction is effected almost instantaneously, but 
by others only after the lapse of some time. 

7. Iridic Oxide. — The characters of this oxide, as noted in 
the preceding Table, are those exhibited by a solution of 
perchloride of iridium. The solutions of this and all cor- 
respondiiig compounds of iridium possess a deep brownish- 
red colour, even when considerably diluted. Concentrated 
solutions arc so dark as to appear opaque. The hydrated 
compounds of 'protoxide of iridium^ and their solutions, gene- 
rally possess a greenish colour. 

A solution of protosulphate of iron decolorises a solution of 
perchloride of iridium, without the production of any imme- 
diate precipitate. After some time, a greenish precipitate is 
formed. 

Oxalic acid produces no change in a solution of perchloride 
of iridium at first, but after standing for some time, the mix- 
ture loses its colour. 

Protochloride of tin j)roduces a brown precipitate In a solu- 
tion of perchloride of iridium. 

The principal characters by which metallic iridium is dis- 
tinguished from otlier metals dre, its insolubility in aqua 
regia, and in fused bisulphate of potash * ; the deep brownish- 
red colour of the solution of its perchloride, and the peculiar 
comportment of that solution with Caustic potash ; and the 
easy reducibility of its eonipounds to the metallic state, by 
being heated in an atmosphere of hydrogen gas. 

8. Oxide of Lead.- -The solutions of salts of lead are 
colourless, and redden litmus paper, though neutral in consti- 
tution. 

* By fufiion with bisulphate of potash, iridium is converted into suboxidc; 
but this substance does not dissolve in the bisiilphate. 7’liis test may be applied 
for the purpose of distinguishing iridium from rhodium ( see page 96.), as the 
latter metal does dissolve in melted bisiilphate of potash. 
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Sulphuric acid and a solution of sulphate of soda produce in 
solutions of lead a heavy. white precipitate of sulphate of lead, 
insoluble in pure water and in diluted sulphuric acid, but 
slightly soluble in strong and dilute nitric acid, in many saline 
solutions, especially of ammoniacal salts, and in solutions of 
the acetates of potash and soda, and freely soluble in solu- 
tion of caustic potash. 

A solution of chromate of potash produces in solutions of 
lead a dense yellow prccijiitate of chromate of lead, insoluble 
in dilute nitric acid, but freely soluble in caustic potash. By 
contact with ammonia, the yellow chromate of lead acquires 
an orange colour, owing to the removal by the ammonia of a 
part of its chromic acid, and the formation of the subchromate 
of lead (chrome orange). 

Iodide of potassium produces in solutions of lead a bright 
yellow preci})itat(? of iodide of lead, soluble in a large excess 
of iodide of potassium and in hot water. If the lead solution 
is in excess, the j)recipitatc is yellowish- white. 

Hydrochloric acid and solutions of chlorides produce in 
tolerably strong solutions of lead a white precipitate ol* 
chloride of lead, which is soluble in a large quantity of water 
and in caustic potash. It is insoluble in, and is not blackened 
by ammonia. 

Lead is very well characterised by the comportment of its 
solutions with sulphuretted hydrogen (see the preceding 
Table) and the reagents just mentioned. 

The precipitate of sulphate of lead produced by sulphuric 
acid, is distinguished from the precipitate of. sulphate of 
barytes, which is produced in like circumstances from solutions 
of barytes salts, by being blackened by hydrosulphate of am- 
monia, which sulphate of barytes is not. The precipitate of 
chloride of lead, produced by hydrochloric acid is distinguished 
from the white preci})itates of chlorides formed by hydro- 
chloric acid in solutions of silver and suboxide of mercury, by 
its comportment with ammonia. (See page 97.) 

9. SiiBOXiDE OF Mercury. — The soluble salts of sub- 
oxide of mercury are colourless, and their neutral solutions 
redden litmus paper. Suboxide of mercury, the colour of which 
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is black, is converted by a moderate Iieat, into a mixture oi* 
metallic mercury and protoxide of -mercury ; by a dull red 
heat, the latter is resolved into oxygen gas and metallic mer- 
cury. Some of the neutral salts of suboxide of mercury, 
when mixed with water, are resolved into an acid salt, which 
dissolves, and an insol u])le basic salt. 

Hydrochloric acid and solutions of chlorides produce in so- 
lutions of the suboxide of mercury a white ju’ecijntate of sub- 
chloride of mercury (calomel), nearly insoluble in cold nitric 
and hydrochloric acids, but solul>le in tlicsc acids by the aid of 
prolonged ebullition. When mixed with caustic potash or 
ammonia, this precipitate is converted to the black suboxide 
of mercury. 

A solution of chromate of potash produces in solutions of 
suboxide of mercury a red precipitate of the chromate of the 
suboxide of mercury. 

The presence of mercury in a liquid, whcthcT in the state 
of suboxidc or protoxide, is easily ascertained by ])lacing a 
drop of the liquid, cither neutral or sliglitly acid, on a brigJit 
plate of copper^ when metallic mercury, if present, is de]>o- 
sited on the copper as a white coating, whicli acrjiiires a me- 
talfu* lustre by friction witli pa])cr. It disappears entirely 
wlien th(‘ copjier is heated to dull redness, the mercury being 
thereby volatilised. If a drop of a solution containing mer- 
cury is placed on a piece of gilt paper, and both the drop and 
the gold arc touched with a clean piece of iron, metallic mer- 
cury is deposited on the gold. 

Protochloride of tin produces in solutions of both the sub- 
oxide and protoxide of mercury a grey precipitate of metallic 
mercury, which coheres into globules when heated with a 
little hydrochloric acid. 

The comportment of suboxide of mercury, in solution, with 
hydrochloric acid, and of the precipitate produced thereby 
with ammonia, ^serve to distinguish this from all other metal- 
lic oxides. 

10. Protoxide of Mercury. — The soluble salts of 
protoxide of mercury are colourless, and their neutral solu- 
tions redden litmus paper. Some of the salts of this oxide, 
when mixed with water, are resolved into soluble acid salts. 
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and Insoluble basic salts ; such is the case with the 'sulphate 
and nitrate. 

When potash is added to a solution of protoxide of mer- 
cury, in quantity insufficient for the complete decomposition 
of the mercurial compound, a rcddlsli-brown precipitate falls, 
consisting of a compound of oxide of mercury with the un- 
decomposed mercurial salt. On applying an excess of potash, 
the precipitate becomes yellow, and then consists of hydrated 
protoxide of mercury. If the mercurial solution contains a 
large (]uantity of a free a(‘id, potash produces either a slight 
whitish precipitrdi^ or no })rccipitate at all. The presence of 
ammoniacal salts also materially affects the indications of 
l)otash with a solution of protoxide of mercury, tlie precipi- 
tate produced in such a case being white and composed of‘ a 
subsalt of mercury in union with an ammoniacal compound ; 
the same body, in fact, as caustic ammonia itself precipitates. 

The reddish-brown precipitate which carbonate of imtasli 
produces in solutions of peroxide of mercury, is a basic*, salt of 
this oxide which does not alter in colour or composition by 
an excess of the alkaline carbonate. In the i)re8ence of muri- 
ate of ammonia, carbonate of potash produces the same white 
precipitate as ammonia produces. 

The comportment of a solution of the j)rotoxide or pro- 
tochloride of mercury with ..alphiiretted hydrogen and hydro- 
sulphate of ammonia is very characteristic. When applied in 
very small quantity, these reagents throw down a greyish 
precipitate which becomes quite white on agitation, unless, 
too much of the reagent has been applied. On introducing 
a further quantity of sulphuretted hydrogen or hydros\il})hatc 
of ammonia, the precipitate at length becomes quite black and 
dense. The white precipitate produced by the first addition of 
the reagent, is a compound of sulphuret of mercury with some 
of the still undccomposed mercurial salt contained in the 
solution; as a further quantity of the precipitate is intro- 
duced, the mercurial salt becomes entirely converted into a 
black sulphuret. The latter compound is insoluble in 
boiling hydrochloric and nitric acids, and in hydrosulphate of 
ammonia. It dissolves completely in caustic potash. 

Iodide of potassium produces in a solution of protoxide of 
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mercury a yellcw precipitate of iodide of mercury, which im- 
mediately on its precipitation assumes a brilliant scarlet 
colour. It is soluble in an excess of iodide of potassium, as 
well as in an excess of the mercurial salt, and also in hydro- 
chloric acid. 

Protochloride of tin^ when applied in small quantity to a 
solution of protoxide of mercury, reduces the latter to a state 
of suboxide, and thus forms a precij)itate of subchloride of 
mercury (calomel) ; an excess of protochloride of tin re- 
duces the precipitated subchloride to metallic mercury. 
(Sec page 92.) 

Metallic copper precipitates mercury from solutions of its 
protoxide as well as from solutions of the suboxide. 
(See page 92.) 

Mercury is easily distinguished from all other metals by 
the comportment of the solution of its })rotoxidc with sulphu- 
retted hydrogen and iodide of potassium ; and in the dry Avay 
it is readily detected in any of its compounds by the libera- 
tion of metallic mercury, when the mercurial compound is 
mixed with dry carbonate of soda, and the mixture heated 
before the blowpipe in n glass tube sealed at one end. The 
metal condenses on the sides of the tube as a grey crust 
which runs into globules on being touched with a glass rod. 

The presence of organic matters considerably .affects the 
indications of mercurial solutions with some reagents. (See 
a mode of detecting mercury in such a case, in the Chapter 
on the Detection of Poisons.) 

11. Molybdous Oxide. — The characters belonging to 
this oxide, as noted in the preceding Table, are those of its 
solution in hydrochloric acid. This solution possesses a deep 
brown colour, even when largely diluted with water. The 
compounds of molybdenum are best recognised by their blow- 
pipe characters. ( See the Chapter on Blowpipe Analysis.) 

12. Moltbdio Oxide. — Both molybdic oxide and molyb- 
dous oxide are best recognised by their blowpipe characters. 
They may be distinguished from each other by the solubility 
of molybdic oxide in an excess of a solution of carbonate of 
potash being much greater than that of molybdous oxide. 

13. OsMic Oxide. — 'T he compounds of osmium are easily 
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recognised by the property which their solutions possess ol‘ 
disengaging, when boiled with nitric acid, the disagreeable 
odour of suboxide of osmium ; and by their susceptibility of 
reduction by hydrogen gas to metallic osmium, which, as well 
as tlic oxide of this metal, exhales tlie characteristic odour of 
the suboxide whenever it is heated strongly in the air. (Kose. ) 
When, liowevcr, the combinations of osmium are associated 
with iridium, they resist the action of nitric acid and of oxygen. 

14. Pallaijious Oxide. — The characters of a solution of 
palladious oxide, as noted in the preceding Table, arc those of* 
the chloride corresponding to this oxide, which is fonned 
when metallic palladium is dissolved in aqua regia. T]ie 
solution of this compound possesses a reddish-brOwn colour. 

A solution of palladium is very well characterised by 
affording a yellowish white precipitate with a solution of 
cyanide of mercury^ consisting of cyanide of palladium. In 
solutions containing free hydrochloric acid, this precipitate is 
formed cither very slowly or not at all. By this reagent, in 
conjunction with those mentioned in the preceding Table, 
palladium may easily be distinguished from platinum and other 
metals. The presence of organic matters does not affect 
the action of cyanide of mercury on a solution of palladium, 
but it does that of alkalies. 

15. Pdatinous Oxide. — The protochloride of platinum, 
which corresponds in constitution to platinous oxide, is a 
dark brown powder, insoluble in water, but soluble in a 
solution of pcrchloride of platinum, and in hydroqhloric acid. 
The comportment of platinous oxide compounds with the 
rejigents mentioned in the preceding Table, is that exhibited 
by the solution of the protochloride in hydrochloric aCid. 
Platinum is detected more easily when in the state of perchlo- 
ride, or a soluble compound of the peroxide (platinic oxide), 
than in that of the protochloride or platinous oxide ; hence if 
the object is merely to discover the existence of platinum, it 
is proper to apply means for the conversion of the protochlo- 
ride or platinous oxide compounds into the perchloride or 
platinic oxide, such as heating with a little aqua regia. The 
two oxides are easily distinguished from each other by the 
comportment of their solutions with ammonia. 
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16. Platinic Oxide. — The neutral solutions of salts of 
platinic oxide redden blue litmus paper, but the double salts 
of the corresponding percliloride of platinum with alkaline 
chlorides do not. The percliloride of platinum is reduced to 
the state of protochloride when heated to about 600®, and 
to metallic platinum if heated still higher, free chlorine 
being expelled in each case. 

Platinum in a state of solution, as platinic oxide, or the 
cort*esponding perchloride, is easily distinguished from every 
other metal by means of chloride of potassium, or muriate of 
ammonia, which reagents throw down a yellow, crystalline 
precipitate of double chloride of platinum and potassium, or 
chloride of platinum and ammonium, soluble in alkalies, but 
sparingly soluble in dilute acids. The same precipitates are 
produced when a little caustic potash or caustic ammonia is 
added to a solution of perchloride of platinum ; but sufficient 
hydrochloric acid should be present to convert the alkalies 
into chlorides, otherwise the free alkali may prevent the pre- 
cipitation of the double chloride. 

A solution of cyanide of mercury produces no precipitate 
in a solution of jierchluridc of platinum. 

17. Ruodic Oxide. — Most of the soluble compounds of 
rhodium possess a peculiar rose-colour. The solutions of 
rhodic oxide in hydrochloric and concentrated sulphuric acid 
have a yellow colour ; but the residues obtained on evapora- 
tion to dryness are red, and communicate a rose tint to water 
when dissolved in that liquid. 

When compounds containing rhodium are heated in an 
atmosphere of hydrogen gas, they become reduced to metallic 
rhodium, which is recognised by its insolubility in aqua 
regia, and by its solubility in melted bisulj>hate of pot- 
ash. In applying this test the mixture of the reduced metal 
and bisulphate of potash may be heated nearly to redness in a 
hard glass tube sealed at one end. The colour of the mass, 
when solid, is yellow, if rhodium is present. Silver and 
palladium arc the only noble metals * which dissolve in melted 
bisulphate of potash (Rose). Rhodium is also distinguished 

* Noble metals *’are those which do not become converted into oxides, but 
remain bright when heated in. the air. 
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from most other metals by the comportment of its solution 
with potash and ammonia. 

18. Oxide of Silver. — The soluble neutral salts of oxide 
of silver are colourless, do not affect the colour of litmus paper, 
and arc decomposed at a red heat. Several silver compounds, 
both soluble and insoluble, blacken on exposure to liglit. 

The precipitation of oxide of silver by several reagents 
is prevented by the presence of ammoniacal salts, soluble 
cyanides, h3^posuljihit(is, and some other salts. 

Hydrochloric acid^ and solutions of chlorides, produce, in 
solutions of silver, a white, curdy, precipitate of chloride of 
silver, insoluble in dilute acids, but ver}^ soluble in ammonia, 
from which solvent it is re-precipitated on saturating the 
alkali by an acid. In an extremely dilute solution of silver, 
h^Hlrochloric acid produces an opalescence ; but after a time 
the precipitate subsides, and the liquid becomes clear. Chlo- 
ride of silver blackciiis on exposure to light, and fuses at a 
temperature' below redness. The solidified chloride is trans- 
parent, and has some resemblance to horn. 

Iodide of jmtassium 2>roduces, in solutions of silver, a 
yellowish-white j)reci]>itate of iodide of silver, soluble in «an 
excess of iodide of jH)tassium, but scarcely at all soluble in 
ammonia, and in dilute nitric acid. 

Protosuljdtfftr (f iron occasions in neutral solutions of 
silver a white 2)rcci2)itatc of metallic silver. Chromate of 
potash 2>roduces a reddish-brown i)reci2>itate of chromate of 
silver, soluble in ammonia, and in dilute nitric aedd. 

Silver compounds, when heated with cjarbonate of soda 
before the l)lowpii)e, are rc^adily reduced to metallic silver, 
which is reciognised by its whiteness and ductility. 

The only metals besides silver whose solutions afford 
precipitates of chlorides by hydrochloric acid, are mercury, 
when in the state of suboxide, and lead. Of the jirecipitated 
chlorides, that of silver alone is soluble in ammonia. If 
chloride of lead, subchloride of mercury, and chloride of 
silver are 2)reci2>itated together, the whole of the chloride 
of silvei* may be dissolved out of the precipitate by digesting 
the latter in animonia, and it may be re-j)reci[)itated l)y neu- 
tralizing the ammoniacal solution with hydrochloric acid. 

II 
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19. Telluric Oxide. — The salts of telluric oxide arc, 
for the most part, decomposed and volatilised when heated 
to redness. .Telluric oxide, which is white when cold, but 
yellow when hot, melts at a temperature below redness, and 
volatilises completely at a higher temperature as a white 
smoke, without forming any crystalline sublimate. The 
strong solution of telluric oxide in hydrochloric acid 
deposits a basic salt on dilution with water, like chloride of 
antimony. The precipitated basic salt re-dissolves on the 
introduction of more hydrochloric acid. The solution of 
telluric oxide in nitric acid, docs not become decomj)osed 
in this manner by dilution with water (liose). 

A solution of sulphurous acid or of an alkaline sulphite^ 
and a, bar of metallic zinc^ produce a black precipitate of 
metallic tellurium in solutions of telluric oxide. 

The compounds of tellurium arc easily recognised by 
their blowpipe characters (sec the chapter on Blowpij)e 
Amilysis); and also by the comportment of the solution of 
telluric oxide with sulphuretted hydrogen, hydrosulphate 
of ammonia, and alkaline carbonates. Ts^’o other oxide 
behaves as telluric oxide with all these reagents. (See the 
preceding Table.) 

20. Protoxide of Tin. — The soluble proto-salts of 
tin redden litmus paper, though neutral in constitution ; are 
colourless, and are decomposed by being heated to redness. 
The protochloridc and some other proto-salts of tin, undergo 
a partial decomposition when mixed with water, into soluble 
acid salts, and insoluble basic salts. The latter are dissolved 
on the application of hydrochloric acid. 

An extremely delicate test for proto-salts of tin is 
perchloride of gold^ which produces a juirple precipitate of 
a compound of peroxide of tin and protoxide of gold, 
known as purple of Cassius. As the mixture should contain 
a little perr>x:de of tin, it is advisable to add with the 
perchloride of gold a small (piaiitity of nitric acid, to peroxide 
a portion of the protoxide of tin, but the application of heat 
should be avoided. (See page 98). 

A solution of protochloride of mercury produces in solutions 
of proto-salts of tin a white precipitate of subchloridc of 
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mercury: the proto-salt of tin here becomes a per-salt, throne;] i 
acquiring half of the chlorine of the protochloride ol* inerrury. 

Proto-salts of tin are readily distinguished from all the 
bodies with which they are likely to be confounded, by the ir 
comportment with perchloride of gold. 

21. Peroxide of tin. — The i)recipitatc of hydrated 
peroxide of tin, ])roduced by alkalies in solutions of salts ol' 
the peroxide of tin is readily soluble in ar/ids and in caustic 
potash ; but the hydrated ])eroxide of tin formed by tlu^ 
a(*ti()n of nitric acid on metallic tin is quite insoluble in 
these liquids, as is likewise the precipitated oxide afte r 
being heated te) redness. It is hence inferred that ])er- 
oxide of till exists in two different states, eli/stinguished from 
each other by thedr re5latie)n to solvents. The inse>lul)Ie j)er- 
oxide may be converted into the solnldc by fusion with al- 
kalies or idkaline carbonates. The lunitral soluble salts of 
j)eroxiele e)f tin redden litmus paper, and an^ colourless. 

In a s<Jution of a, })er-salt of tin, containing some free 
nitric acid, a bar of metallic zinc produces a white gelatinous 
])reci])itate of hydrated peroxide of tin, with disengagement 
of hydi’ogen gas. If no free nitric acid is present, zinc pro- 
duces a precipitate of metallic tin. 

Free acids oc(jasion, in the solution of bisulphurct of tin 
in hydrosulphate of ammonia (sec the preceding Table), a 
yellow precijiitate consisting of the unaltered bisuljdiurct. 
When the solution of the ^ sulf)huret in caustic potash is 
boiled with oxide of copjier, sulphuret of copper and per- 
oxide of tin are formed ; the peroxide remains in solution. 

Tin in solution as peroxide may be distinguish(Ml frtan 
nearly all other metals by its comportment wdth sul])huretted 
hydrogen and hydros ulphatc of aimnonia. By these reagents, 
however, it may be confounded with arsenic and antimony, but 
the blowpipe affords a ready and safe means of determining 
the presence or absence of tin in compounds containing both 
arsenic and antimony. (Seethe chapter on Blowjupe Analysis.) 

Compounds of peroxide of tin, which arc insoluble in hy- 
drochloric acid, may be rendered soluble in that acid by first 
fusing them in a platinum crucible with two or three times 
their wnfight of dry carbonate of soda.. 

H 2 
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SECTION II. Mktallic Oxides of the 


Acids (in com- 
bination). 

Nitrate of Silver 
(in alkaline salts 
of the acids). 

Chloride of Barium 
(in alkaline salts of 
the acids ). 

Nitrate of Lime 
(in alkaline •salts 
of the acids). 

1. Antimonic. 
(See also 

p. 102.) 

A 'white ppt. 

A white ppt. 

A white ppt. 

2. Aiitimo- 
iiious. 

(See also 
p. 104.) 

Ditto. 

A white ppt., 
slightly sol. in 
water. 

A white ppt., 
slightly sol. in 
water. 

3. Arsenic. 
(See also 
p. 104.) 

A chocolate red 
ppt._, sol. in 
nitric acid, sol. 
in am. (arse- 
niale of silver). 

A white ppt., sol. 
in acids, sol. in 
mur. am. (ar- 
scniate of ba- 
rytes). 

A white ppt., 
sol. in HCl., 
in mur, am., 
and in hot 
water (arseni- 
ate of lime). 

4. Arsenioiis. 
(See alf^o 

p. 10().) 

A pale yellow 

1 ppt. of arsenite 
of silver, sol. in 
acetic acid, .sol. 
in am. : the 
ammonio-ni- 
trate of silver 
gives the same 
ppt. with free 

I arsenious acid. 

1 1 

A white ppt. of 
arsenite of ba- 
rytes formed 
very slowly in 
dilute solns. 
Free arsenious 
acid gives no 
ppt. 

1 



A white ppt. of 
arsenite of 
lime. Free 
arsenious acid 
gives no ppt. 

5. Molybdic. 

(See also 

p. 109.) 

' ' ' ! 

A white ppt., sol. 
ill much water, 
nitric acid, and 

am. 

A white ppt., sol. 
in much water ; 1 
sol. in NO^^. 

i 

A white ppt., sol. 
in water, in 
HCl., and in 

1 NO,. 

6. Osmic. 

(See also 

p. no.) 

A brown ppt. 

A brown pjit. 

1 

A brown ppt. 
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Third Class, possessing Acid Properties. 


Sulphuretted Hydrogen 
(in acid soln.). 

Hydrosulphate of 
Ammonia. 

Hydrochloric Acid. 

An orange yellow sul- 
phuret, sol. in alka- 
lies, insol. in cold 
II CL 

An orange yellow sul- 
phuret, sol. in ex. 

A white ppt. of anti- 
monic acid from an- 
timoniate of pot. 

1 

Ditto. 

Ditto. 

A white ppt. of anti- 
inoiiious acid. 

A yellow sulphuret, 
sol. in alkalies and 
alkaline sulphurets. 

A yellow sulphuret on 
adding an acid to 
the mixture. 

No change. 



Ditto : the precipitated 
sulphuret is slightly 
sol. in pure water. 

1 

Ditto. 

No change. 

A brown ppt. of sul- 
phuret, slow to sub- 
side, sol. in alkaline 
sulj)hurets. 

A brown ppt. of sul- 
phuret on adding 
an acid. 

A white ppt, of molyb- 
dic acid in a strong 
solution, sol. in 
much water. 

A brownish black sul- 
phuret, insol. in al- 
kaline sulphurets. 

A black sulphuret, in- 
sol. in ex. 

Free osmic acid, de- 
tected by its odour. 


H 3 
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Acids (in com- 
bination). 

Nitrate of Silver 
(in alkaline salts 
of the acids). 

Chloride of Barium 
(in alkaline salts 
of the acids). 

Nitrate of Lime 
(in alkaline salts 
of the acids). 

7. Selenious. 
(See also 
p. 111). 

A white ppt., 
slightly sol. in 
NO.. 

A white ppt., sol. 
in IK 1. 

A white ppt., sol. 
in NO.,. 

S. Tungstic. 1 

( St‘c also 1 

p.llJ.) 1 

A white ppt. 

A white ppt. 

1 A white ppt. 

i i 

i 

1 

h. Vanadic. i 
(See also j 

p. 112.) : 

i 

i 

A bulky yellow 
])pt., sol. in 
NO^, and in 
am. It bleaches 
on exposure. 

: 

j 

A bulky orange 
yellow l>pt., 

slightly sol. in 
water. 

i 

1 No ppt. 

i 

! 

I ' 


Additional offsorvations on the eharaeft rs of metallic oa ides 
of the third Class {that is, saeh as are precipitated hi/ sal’- 
phareHcd hydro(j( a from their acid solations ), possessing acid 
properties, - Ol’tliL* oxides belonging to tills chiss, some :irc 
soluble iind others insoluble in water; but all are soluble in 
free alkalies^ though some do not dissolve unless an excess ot 
alkali is pre^^eiit. I'he precipitates produced in their a(!id so- 
lutions by suljihuretted hydrogen are generally sulphurets. 
Corresponding in constitution to the metallic acid previously 
in solution, that is, containing as many equivalents of sul- 
phur as the metallic acid contains of ox} gen. 

The comportment of these acids with solutions of nitrate 
of silver, chloride of barium, and nitrate of lime, as noted in the 
above Table, are such as an. perceived with alkaline salts of 
the respective acids, as nt^arly neutral as they can be prepared. 

1. Antimomc acid. — Hydrated antimonic acid is insoluble 
in water and in nitric acid ; it dissolves in strong hydrochloric 
acid, with the aid of heat, forming a solution wliicli becomes 
milky yhen largely diluted with water, owing to the precipi- 
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Sulphuretted Hydrogen 
(in acid soln. ). 


A yellow ppt., sol. in 
hydrosulph. am. 
(sulpliuret of sele- 
nium). 


A slight turbidity. 


A greyish ppt. of va- 
nadic oxide, in an 
aqueous soln. of va- 
nadic acid. 


Ilydrosulphate of 
Ammonia. 


A yellow ppt., sol. in 
ex. 

j 

I A brown ppt., dilute 
I HCl. being present. 


The soln. becomes 
brown ; HCl. pro- 
duces in the mix- i 
ture a brown ppt. | 
of persulphuret of | 
vanadium. 


Hydrochloric Acid. 


No change. 


A white ppt., insol. in 
ex. (tungstic acid). 


Chlorine is evolved : 
the mixture is ca- 
pable of dissolving 
gold. 


tation of hydrated antinionic acid. When autiinonio acid is 
strongly heated, alone, it disengages oxygen gas, and is re- 
duced to the state of antiinonious acid, 

Antinioiiic acid forms with potasli a sparingly soluble salt 
having an excess of acid, and a soluble neutral salt. 

These combinations arc formed by digesting hydrated an- 
ti monic acid in a solution of caustic potash, or by fusing 
antimonic acid with potash or carbonate of potash. 

Antiinoniate of soda possesses a very slight degree of solu- 
bility in water, on which account antiinoniate of potash is 
employed as a precipitant for soda. (Sec page 32. 

When solutions of potash n ammonia^ carbonate of potash^ 
and bicarbonate of potash are mixed with the solution of an- 
timonic acid in hydrochloric acid, white precipitates are pro- 
duced, which re-dissolve, though not always completely, in an 
excess of the precipitant. The precipitate is re-dissolved 
most completely by potash. From this solution hydrochloric 
and almost all other acids precipitate the hydrate of anti- 
monic acid, or an antimoniate of potash with excess of acid. 

H 4 
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After antimonic acid and the greater number of anti- 
moniates have been heated to redness they are no longer 
soluble in acids ; but their solubility is restored by fusing 
them with potash or carbonate of potash. 

Antimonic acid is distinguished from nearly all other 
bodies by its comportment with hydrosulphate of ammonia and 
sulphuretted liydrogen. (p. 99.) The pure acid is recognized 
by the appearances it assumes when strongly heated in a glass 
tube sealed at one end : as soon as the whole of the water 
is disengaged from the white hydrate, yellow antimonic acid 
remains, which, when heated more strongly, l)ecomcs reduced 
to white antimonious acid with disengagement of oxygen gas, 
which is recognized by introducing into the tube the glowing 
ext remity of a match just ignited and blown out. 

2. Antimonious acid. — Antimonious acid and its hy- 
drate are insoluble in water and in nitric acid, but are slowly 
dissolved l)y hot concentrated hydrochloric acid. From its 
solution in hydrochloric acid antimonious acid is j)recijutated 
by water as a hydrate. The colour of antimonious acid, both 
in the hydrated state and dry, is white. It may be heated either 
in the open air or in close vessels without suflerlng any cluingcj 
CNcept the acquisition of a feeble yellow colour, which disap- 
jicars on cooling. With t\\Q fixed alkalies^ alkaline earhonates, 
sulphn retted hydroyen, and hydrosulphate of anmwnia, aiitiino- 
niuus acid behaves in just the same manner as antinionic acid. 

Tloth antimonious and antimonic acids redden moistened 
Hi inns papei', whether in their hydrated state or after being 
cjil clued. 

Antimonious acid in the free state is distinguished from 
oxide of antimony by its more difficult solubility in hydro- 
chloric acid, and by neither fusing nor volatilizing when 
strongly heated. It is distinguished from antimonic acid by 
its white colour, and by not disengaging oxygen gas when 
heated to redness, 

3. AusENic ACID. — The compounds of arsenic acid with 
bases are not volatile, even at a strong heat, unless they con- 
tain a volatile base ; but several which contain an excess of 
acid disengiiigjjj^ portion of their arsenic acid at a high tern- 
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pcrature, the acid being resolved, bn its expulsion, into oxygen 
gas and awsenious acid. Ffee arsenic acid is dccoinposed in 
tlic same manner at a high temperature, llie coinj)ouncls of 
arsenic acid, with nearly all bases except the alkalies, are 
insoluble in water. 

A solution of nitrate of silver docs not produce the same 
chocolate-red precipitate of arseniate of silver in a solution of 
arsenic acid as it does in a solution of neutral arseniate (as 
mentioned in the preceding Table), because the nitric acid 
liberated from nitrate of silver by arsenic acid retains the 
arseniate of silver in solution. But the ammonio-nitratr 
of* silver (p. d6.) |)roduces the same chocolate precipitate 
of arseniate of silver in a solution of free arsenic acid as 
nitrate of silver produces in a solution of an arseniate. 

A? solution of nitrate or acetate of lead produces in solu- 
tions of neutral arseniates a white precipitate of arseniate of 
lead, soluble in nitric acid. * 

A neutral solution of sulphate of copper produces in neutral 
solutions of arseniates a blueish-green precipitate of arseniate 
of copper, which is also produced in a solution of free arsenic 
acid by the ammonio-sulj)hate of cop})er. 

Sulphuretted hijd.ro(pii produces no jirecipitate in alkaline 
or neutral solutions of an arseniate; but if hydrochloric or 
other free acid is present a yellow precipitate of sul])liarscnic 
acid falls, which is soluble in solutions of alkaline sulpliurets, 
I'rec alkalies, and carbonates of potash and soda. In dilute so- 
lutions, the whole of the sulpharsenic acid docs not precipitate 
for several hourvS, but its subsidence is promoted by ebullition. 
Arsenic existing in a solution in the state of arsenic acid is 
not precipitated so completely by sulphuretted hydrogen as 
Avlien it exists in the state of arsenious acid ; on wdiich ac- 
count it is sometimes necessary to reduce arsenic acid to the 

* The compounds of arsenic acid with bases generally bear considerable re- 
semblance to the corresponding compounds of phosphoric acid ; so that, unless 
the test of sulphuretted hydrogen is applied, arsenic and phosphoric acids may 
sometimes be comfounded with each other. Arseniate of lead may be dis- 
tinguished from phosphate of lead by its blowpipe characters. The former 
does not crystallize after fusion on charcoal before the blowpipe as the latter 
does, but is reduced, in the interior flame, to metallic lead, :Bfii^iikltoenffagement 
of fumes of arsenic. 
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state of arsenious acid before applying sulphuretted hydrogen. 
This may easily be effected by heating the solutioij of arsenic 
acid with sulphurous acid, when the latter becomes sul- 
phuric acid at the expense of a portion of the oxygen of the 
former. 

The existence of arsenic in the precipi ate produced hy 
sulphuretted liydrogen majr be confirmed by heating the pre- 
cipitate with a mixture of carbonate oi soda and cyanide of 
potassium, as described at j). 108. 

In solutions of neutral arseniates, hydros ulphate of am^ 
monia produces no precipitate, or nothing more than a faint 
troubling, which is instantly removed by a further addition 
of the hydrosulphate ; but on adding hydrochloric acid 
to the mixture, a yellow precipitate of sulj)harsenic acid 
appears. 

Arsenic acid is distinguished from nearly all other bodies 
by its comportment with sulphuretted hydrogen and hydro- 
sulphate of aiiirnonia : from peroxide of tin, and a few other 
oxides with which it might be confounded by those reagents, 
it is readily distinguished by the blow])ipc. (See the (:ha])ter 
on I}low])ipe Analysis, and also that on the DeUcliun of 
Poisons.) 

A solution <)\ sulphate of (wpper in the presence of an excess 
of caustic potash may be used as a means of distinguishing 
between arsenic acid and arsenious acid, the protoxide of 
copper being reduced to suboxidc by arsemious acid, which 
passes into the state of arsenic acid. The li(piid to be tested 
in this manner should be mixed with an exci'ss ol‘ caustic 
potash, and then with a drop or two of a solution of suli)hatc 
of copper. The presence of a very minute quantity of 
arsenious acid causes the formation of a red precipitate of 
suboxide of copper. 

For the means of discovering the presence of arsenic acid 
in an organic fluid, see the chapter on the Detection of 
Poisons. 

4. Arsenious acid. — Free arsenious acid possesses but 
a slight degree of solubility in cold water, but is much more 
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degree considerably below redness, as a colourless vapour, 
which deposits, on a cold body, minute octohedral crystals of 
arsenious acid. The vapour of arsenious acid is inodorous : 
the peculiar alliaceous odour sometimes perceived in arsenical 
fumes seems to be due to a lower oxide of arsenic. All the 
arsenites, or combinations of arsenious acid with bases, ex- 
cepting the alkalies, are insoluble in water, or nearly so, but 
soluble in acids. A Then heated to redness, arsejiites are <rc- 

o 

ncrally resolved into arseniates, with disengagement of arsenic 
va})our. 

Tlie yellow precipitate of arscnite of silver produced in a 
neutral solution of a-i’senious acid by nitrate of silvery and by 
ammtmio vitrat^^ of sihrr in free arsenious acid (see the pre- 
ceaing Tal)lej, is not produccu in a solution of free arsenious 
acid by nitnite of silver. 

Suljfluite of copper produces a bright green precipitate of 
arsenitc of co])i)er in a neutral solution of arsenious acid, but 
none in the fret* acid; a solution of ammoiiio-sulphatci of 
copper* affords the same precipitate in an arpieous solution 
of the free acid. 

The test for ai’senic which deserves most confidence is 
sulphni . tted hijdroycn (see the preceding Table), lh(* j)rccl- 
])itated sulpharscnious acid being always, in medico-legal 
iii\cstiga'’oir>, collect cd diA iiirther examined by processes of 
reduction. Tli<* to which this test is a]>plicd sliould 

hr. strongly acidified by liydrochloric acid, as sulpharscnious 
acid is slightly sobd)le in a neutral, or even feebly acid, litpiid. 
Alkaline solutions of arsenious acid afford no precipitate 
Avhatevcr with sulphuretted hydrogen. Siilpharsenious atvld 
dissolves not only in* solutions of caustic alkalies and akaline 
sulphuretvs, but in solutions of albiline carbonates and bicar- 
bonates. It is insoluble in hydrochloric acid and in cold 
dilute nitric acid, but is dissolved with decomposition by 
boiling nitric acid. 

A solution of free arsenious acid in water affords no pre- 

♦ This solution is prepared in the same manner as ammonio-nitrate of silver 
(see p. 30 '. ), with sulphate of copper instead of nitrate of silver. 
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cipitate with hydrosulphate of ammonia^ but on adding an 
acid to the mixture, sulpharsenious acid is precipitated. 

To determine whether the precipitate produced by sul- 
phuretted hydrogen is sulpharsenious acid or sulpharsenic acid, 
it may be dissolved in pure caustic potash, and the solution 
boiled with oxide of copper. The arsenical sulphuret is 
thereby decomposed with formation of sulphuret of copper, 
which is insoluble in the alkaline liquid, and cither arscnious 
acid or arsenic acid, which remains in solution. After being 
filtered from the sulj)huret of copper, the liquid is exactly 
neutralized with nitric acid, and tested with a solution of 
nitrate of silver: if a chocolate-red precipitate falls, the 
arsenical sulphuret was sulpharsenic acid; but if the i)re- 
cipitate with nitrate of silver is pale yellow, the arsenical 
sulphuret was sulpharsenious acid. 

To obtain metallic arsenic from the prcclpitfited sulphuret, 
the latter is intimately mixed cither with twice its Aveiglit (.)f 
dry black flux (a mixture of carbonate of potash and eliarcoal, 
prepared by heating cream of tartar to redness in a covered 
crucible), or, what is better, with about twelve times its 
weight (if a mixture of three parts of dr}^ car])onate of potash 
and one part of c vanlde of potassium (Fresenius and Babo), 
The mixture, being perfectly dry, is placed in the scaled end 
of a tube of the form and size of a or />, exhibited below, and 



heated to redness by the Qaim of a spirit-lamp, on which 
metallic arsenic is disengaged in vapour, and condenses on 
the side ofjhe tube as a bright mirror. As a further con- 
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mirror thus obtained may be taken out, placed in the bottom 
of the wide tube, c, and heated by a spirit-lamp, when the 
arsenic rises in vapour and becomes oxidized by the air in the 
tube, and crystals of arsenious acid condense on the cold part 
of the tube. 

When black flux is employed for the reduction of siilphuret 
of arsenic in the above processes, only one-half of the arsenic 
is separated in the metallic state, the other half remaining in 
combination with soda ; but when the mixture of cyanide of 
j)otassium and carbonate of j^otasli is employed, the whole of 
the arsenic is liberated. / 


In applying the above process to the detection of arsenic 
in cases of poisoning, certain precautions are to be observed, 
wdiich will b(‘ noticed in the chapter on the Detection of 
Poisons. In the same chapter are also described easy me- 
thods for the detection of arsenic, by the production of arseni- 
etted hydrogen gas (Marsh’s test), and by boiling an arsenical 
liquid with a plate of‘ metallic copi)er (Reinsch’s test.) 

When arseniates, arsenites, and arsenious acid are mixed 
with carbonate of soda, and heated on charcoal in the interior 
blowpipe flame, a very characteristic alliaceous odour is ex- 
haled, probably due to an oxide of arsenic inferior to arsenious 
acid. If the material to be operated on is very small in quan- 
tity, it should first be submitted to the pro(*ess above described 
for the production of uictallic arsenic, by heating with car- 
bonate of potash and cyanide of potassium in a glass tube, as 
this test alibrds a more trustworthy result than any other. 

5. Molyudic acid. — Molybdic acid is slighty soluble in 
water, and readily soluble in hydrochloric acid, nitric acid, 
solutions of caustic alkalies, and solutions oi* carbonated al- 
kalies. Pure molybdic acid is a white mass, having a crys- 
talline texture, which fuses when strongly heated in a close 


vessel, becoming a yellow liquid. When strongly heated in 
the open air it volatilizes, and may be condensed in crystals. 

•The first application of sulphuretted hydrogen to a solution 
of molybdic acid containing a free acid does not produce the 


brown precipitate mentioned in the preced ing Table, but 
merely a blue or brown liquid ; an 
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hydrogen being necessary to the production of a precipitate. 
The sulphuret of molybdenum is very slow to subside in the 
oold; but if heat is aj)plicd it soon falls, and* the liquid, 
previously greenish, becomes colourless. The sulphuret of 
molybdenum is converted by ignition in the open air into 
molybdic acid, which may be recognized by its blowj)ipc cha- 
racters. (See the clia])ter on Blowpipe Analysis.) 

A solution of protochloride of tin produces in a solution of 
an alkaline molybdate a blueish-green precipitate, soluble in 
hydrochloric acid. 

When a bar of metallic zinc or tin is placed in a solution 
of molybdic acid containing hydrochloric acid, the licpiid 
acquires a dark-brown colour owing to the reduction of mo- 
lyhdic acid to the state of molybdous oxide. If the ])rown 
li([uid thus obtained Is mixed with a larger (piantity of a 
solution of* an alkaline molybdate, the colour changes to blue, 
through the formation of t he molybdate, ol* molybdic oxid(‘, and 
if hydrochloric acid is not present in siitlicient quantity, a blue 
precipitate is likewise jwoduecd. If the blue liquid is Ixaled 
with an excess of caustic jiotasli, the blue colour dis:ij)])ears, 
a brownish-black preeipltate of molybdic oxide falls, and mo- 
lybdate of potasli remains in solution (Kose). 

d. ()S31JC ACID. — Bure osmic acid forms at common tem- 
peratures a white crystalline mass, whicdi fuses when gently 
warmed. At a somewhat higher temperature it volatilizes, 
and may be rc-condensed in crystalline needles. It is* but 
slightly soluble in water. The dry acid, as well as its aque- 
ous solution, possesses a peculiarly pungent and disagreeable 
odour, highly irritating to the nose and (*yes, by which clia- 
racter this acid may be distinguished from all other bodies. 
This odour is not possessed by compoumls of osmic acid with 
bases, but it is immedinttly exhaled when sueh compounds 
are mixed with liydrof hloric or nitric acid ; and if such a mix- 
ture is distilled an aqueous solution of osmic acid may be 
obtained. Most compounds of osmic acid with bases (osmi- 
ates) are either yellow or brown. 
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metallic osmium or a suboxlde of osmium. The solution of 
osmic acid acquires, in these cases, a dark brown or violet 
colour, which disappears, however, on the subsidence of the 
precipitate. Protosulphatc of iron, alcohol, acetic acid, and 
even ammonia, if in excess, arc capable of effecting this rediic« 
tion. In the case of protosulphatc of iron a brown precipi- 
tate is formed immediately ; with alcohol and a(*.etic acid no 
immediate change takes place, but after some time a violet 
precipitate of metallic osmium makes it appearance. 

7. Selenious acid. — Selcnious. acid is very soluble in 
water, and its hot concentrated aqueous solution deposits 
crystals similar to nitre on cooling. These crystals sublime 
at a temperature approacliing 600°. 

When a solution of selcnious acid, or of a selenite, either in 
water or in hydrochloric acid, is mixed with an a(picous solu- 
tion of sulphurous acid, the selcnious acid is reduced with 
liberation of selenium as a red powder, which remains lor some 
time ill suspension in the liquid. If the mixture is boiled 
for a considerable time, the particles of selenium aggregate 
and become darker in colour. A solution of a selenite affords a 
precipitate of selenium when heated with a solution of muriate 
of ammonia. 

Metallic zinc also causes a precipitate of selenium in a solu- 
tion of selcnious acid, or of a selenite containing a free acid. 

Solid selcnites, mixed with wuriatc of ammonia and heated 
in a small tube rct(»rt, afford a sublimate of selenium, which is 
recognized by the powerful odour of decayed cabbage pos- 
sessed by its vapour. (See the behaviour of seleniates and 
selcnites before the blowpi])e). 

8. Tungstic acid. — Tungstic acid is insoluble in water 
and in acids; with the fixed alkalies it forms compounds 
which are soluble In water. It docs not volatilize when 
strongly heated, and possesses a yellowish tinge 

Sulphuric, htplrochloric, and nitric acids produce, in solu- 
tions of alkaline tungstates, white precipitates, consisting of 
compounds of tungstic acid with the acids applied as the pre- 
cipitants, wliich arc nearly insoluble in an exce^^^A^cids. 
By the latter property, these 
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from the similar precipitates produced in solutions of alkaline 
molybdates by the same acids. 

When a bar of metallic zinc is placed in a solution of an 
alkaline tungstate, mixed with a sliglit excess of hydrochloric 
(or, what is better, phosphoric) acid, a fine blue colour is 
developed similar to that produced in the same way in a solu- 
tion of titanic acid. In applying this test, it is not essential 
for the tungstic acid to be in a state of solution, as the 
recently preci2)itatcd acid soon affords the blue colour by con- 
tact with zinc. Tungstic acid is distinguished from titanic. 

. acid by the solubility in water of alkaline tungstates, alkaline 
titanates being nearly insoluble in water. 

TMicii compounds of tungstic acid with bases are digested 
in hydrochloric or nitric acid the bases generally dissolve, 
and leave the tungstic acid undissolved. Such tungstates as 
are not acted on by acids arc best decomposed by fusing 
them, in a platinum crucible, with three times their weight 
of carbonate of j)otash or soda. When the resulting mass 
is digested in water an alkaline tungstate dissolves, while 
the t)ase, previously in combination with tungstic acid, re- 
mains undissolved. 

9. Vanadjc Ar i Pure vanadic acid possesses a yellow 
or red coloui according to its state of div ision ; it fuses at a 
red licat, without volatilization or reduction (if* contact with 
deoxidizing agi nts is avoided), and crystallizes on cooling. 
Vanadic acid is soluble in acids, but only slightly soluble in 
waf(?r. The compounds of vanadic acid with alkalies ai'o hot 
\(‘iy soluble in water, particularly if much alkaline salts be 
presemt. Vanadiate of ammonia is nearly insoluble in a 
solution of muriate of ammonia. 

Vanadic acid, in solution, is reduced to the state of vanadic 
oxide by deoxidizing agents with great fiicility, the licpiid 
thus acquiring a blue colour. Even hydrochloric acid, and, 
according to nitrous acid effect this reduction; the 

former with evolution of free chlorine, and the latter with 
formation of nitric acid. The free chlorine which is dis- 
eniyacred when hydroc hloric acid is mixed with vanadic acid 
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Vanadic acid and vanadiates possess considerable re- 
semblance to chromic acid and the corresponding chromates ; 
both vanadic and chromic acids, for instance, arc red, form 
yellow combinations with bases which become red when 
mixed with an acid, and afford blueish-green solutions by 
deoxidizing agents. These bodies may be distinguished by 
the following characters: — 1. Solutions of vanadiates lose 
their colour by the application of heat, but solutions of 
chromates do not ; 2. Dry vanadic acid, by exposure to a red 
heat, undergoes no change, but chromic acid disengages 
oxygen, and becomes reduced to the green oxide of chromium 
when heated to redness ; 3. Chromic acid is very soluble in 
water, but pure * vanadic acid is nearly insoluble. 

• Vanadic acid dissolves in water if vanadic oxide is also present, in which 
case the colour of the solution is green. / 
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CHAPTER IV. Behaviour of Cimomc, Hyper- 


Acids (in 
combination). 

Nitrate of Silver 
(in alkaline salts 
of the acids. ) 

Chloride of Barium 
(in alkaline salts 
of the acids). 

Nitrate of Lime 
(in alkaline salts 
of the acids). 

1. Chromic. 
(See also be- 
low.) 

A reddish brown 
ppt. of chro- 
mate of silver, 
sol. in NO 5 
and in am. 

A canary yellow 
ppt. of chro- 
mate of bary- 
tes, sol. in NOjy. 

No ppt., except 
in concentrated 
solutions. 

2. Hyper- 
manganic. 
(See also p. 
116.) 

A yellowish 
brown preci- 
pitate, sol. in 
much water. 

.No ppt 

No ppt. 

3. Manganic. 
(See also p. 

1170 1 

1 

A black ppt of 
perox. of man- 
ganese. 

No ppt. 

A black ppt. of 
perox. of man- 
ganese. 


additional OBSERVATIONS ON THE CHARACTERS OF 
(JHROMIC, HYPERMANGANIC, AND MANGANIC ACIDS. 

These three acids are not included in the class whose 
characters form the subject of the preceding chapter, in con- 
sequence of their not being precipitated by sulphuretted 
hydrogen from acidified solutions. 

1 . Chromic acid. — Pure chromic acid has a red colour, 
is very soluble in water, and is decomposed when heated to 
redness, with disengagement of oxygen gas, leaving a residue 
of green oxide of chromium. The compounds of chromic 
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MANGANIC, mid Manganic Adds with Reagents. 


Sulphuretted Hydrogen. 

Hydrosulphate of 
Ammonia. 

Hydrocliloric Acid. 

Chromic acid is re- 
duced to oxide of 
chromium, with 

precipitation of sul- 
phur. 

A greenish ppt. of 
oxide of chromium. 

Chlorine is evolved, 
and chromic acid is 
reduced to oxide of 
chromium. 

In neutral solns. a 
flesh-coloured ppt. 
of sulphur and per- 
sulphuret of man- 
ganese. 

A flesh-coloural ppt. 
of persulphuret of 
manganese, insol. in 
ex. 

Free chlorine is evolved 
and protochloride of 
manganese formed. 

Ditto. 

• 

Ditto. 

Ditto. 


a rc(i or lively yellow colour. When sulphuric acid is added 
to a yellow solution of a chromate, a bichromate is formed, 
and the solution acquires a red colour. 

Chromic acid is reduced to the state of green oxide of 
chromium, with great facility, by deoxidizing agents. 

When chromic acid or a chromate is heated with hydro- 
chloric acid^ the mixture becomes green (owing to the form- 
ation of oxide of chromium), and disengages free cldorine ; 
if alcohol is added, the reduction takes place more rapidly, 
with evolution of hydrochloric ether. Sulphurous acid, and 
the organic acids, also cause the reduction of chromic acid to 
oxide of chromium. 
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of a chromate containing a free acid, the chromic acid is 
reduced t<t oxide of chromium; if sufficient free acid is 
present to combine with the oxide of chromium tlius formed, 
no precipitate is produced excepting sulphur, but if not, 
some of the oxide of chromium falls as a greenish precipitate. 

Solutions of chromates afford, with a solution of acetate of 
lead, a bright yellow precipitate of chromate of lead (chrome- 
yellow), freely soluble in caustic potash, slightly so in nitric 
acid, and wdiich changes to the red subchromate of lead 
(chrome-orange) by contact with ammonia. 

Chromic acid and soluble chromates are well characterised 
by the colour of their solutions, and by the fiicility with 
which they afford a green solution of oxide of chromium l)y 
the action of deoxidizing agents. Insoluble chromates are 
detected by fusion with a mixture of carbonate of soda and 
nitre : when the resulting mass is digested in water, a yellow 
solution of an alkaline chromate is obtained, which becomes 
orange red by the addition of sulphuric acid, and green when 
heated with hydrochloric acid and alcohol. 

2. Hypermanganic Acid. — Hypermanganic acid and its 
combinations wdth bases arc soluble in water, to which they 
communicate an intense and characteristic crimson colour. 
These bodies possess but iittlc stability when in solution. 
Hypermanganic acid in solution is resolved, when heated, into 
oxygen gas and a precipitate of hydrated peroxide of manga- 
nese*, the liquid losing its colour entirely : solutions of most 
liypcrmanganates are more stable than those of the free acid. 

Organic matters, sulphurous acid, and all deoxidizing agents, 
sp(*odily effect the reduction of hypermanganic acid, whether 
free or in com])ination, with formation of either peroxide or 
protoxide of manganese. These decompositions take place 
at common temperatures, in the case of the free acid as well 
as that of hypermanganates. 

Hypermanganates are easily distinguished from all other 
bodies by the red colour of their solutions, by the readiness 
with which they decompose and lose their colour by being 
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3. Manganic Acid. — The compounds of manganic acid 
with bases possess an intense green colour, which they com- 
municate to water, being very soluble in that licpiid. Free 
manganic acid and manganates are resolved into oxygen 
and peroxide of manganese with greater facility tlian 
hypcrinanganic acid and hypermanganates, the liquid be- 
coming colourless. Frequently, the first stage of decom- 
position which a manganatc undergoes is resolution into a 
hypermanganate and peroxide of manganese, the liquid 
thereby changing in colour from green to crimson. Such is 
tlie immediate effect which follows the application of an acid 
to the green solution of a manganatc ; .and even dilution of 
the green solution with water produces the same result. 
A solution of caustic potash is the only liquid in which 
manganatc of potash dissolves without being converted into 
hypermanganate of potash. 

The first eflfect of the application of hydrocMorio acid to a 
solution of a manganatc, is the production of a crimson 
hypermanganate; in a short time, the mixture gives off 
chlorine, and becomes dark brown, owing to the formation 
of the chloride of manganese corresponding to manganic 
oxide, which is decomposed immediately on the application 
of heat into free chlorine and the colourless j)rotochloride of 
manganese. 

Manganates are distinguished from all other bodies by 
their green colour, their convertibility by weak acids into red 
hypermanganates, and by their comportment with hydro- 
chloric acid. 
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CHArTEll V. 

BEnAVIOUIl OF NON-METALLIC ACIDS AVITTI KEACENTS. 

SECTION I. 

NOX-METALLIC ACIPS rilECIPITATKl) FROM TIIKIR NEI TUAL SOErTlON" 

11 Y CIILOUIDE OF BAUIIM. 

1 Aflds 

! Chloride of 

! Nitrate of 

i Acetate of 

j Nit rati* of 

(neutralized). 

j Barium. 

i 1 • 

1 Lmic. 

; Ta-ad. 

; silver. 

) i 

L Boraclc. 

A white 

A white ppt., 

A wdiite ])pt.. 

A white ])pt., ' 

j (See also p. 

soluble in 

.sol. in iiuir. 

soluble in 

i soluble ill 

1 121.) 

1 acids, ill 
imir. am.» 

; and much 
water (ho- 
■ rate of l»a- 
1 rUes'i 

am., and 
in much 
Avater (bo- 
rate of 

lime ). 

1 acids (bo- 

1 rale of 

bail). 

1 acetic acid 
i (borate of! 

1 silver). 

2, nrojiiic. 

, (See also jf. 

S J-2.) 

1 

A wliitepjit., 
^ol tilde in 
water (bro- 
matc of ba- 
rytes). 

No p])i. 

A wliite ])pt., 
soluble ill 
imicb wa- 
ter (bro- 
il! ate of 

lead).. 

A wliiti |)]>t., i 
soluble ill ; 
N(f (liri)-.' 
mate of | 

vih i r). i 

j 

M.C'arboulc. 

A wbit(‘ j)pt. 

A wliite pj)t. 

A wliite jijit. 

A wliite j>pt., ! 

i (See hlso p. 

of carb. ba- 

of caib. t»f 

of carb. of 

sol. ill am. 1 


rytes, sol 

1 sol. 

lead, sol. 

(carbonate ! 

in IK 1. 

O' Hid. 

in N( b. 

of silver). 

j 4. C'itri'j. , 

A white j>j)t. 

A white pp(.. 

A ivbite ppt. 

A white ))])(. 

(See also p. 

from strong 

slightly i 

of citrate i 

of citrate 

/ 

!) ' 



solus, (ci- 
trate of ba- 
rytes). . 

, ^ # 

. sol. in wa- i 
ter, sol. in , 
niur. am. j 

of lead, j 

slightly I 
sol. in am. 

of silver. 
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Acids 

( neutral i/cd ). 

f). Ilydro- 
iluoiMC. 
(Sue also p. 


(). Iodic. 

(Sue also p. 

12r>.) 


7. Oxalic. 
(Sue also p. 


K. Plios- 
]>lu)ric 
( tribasic) 
(Sue also p. 

Ii27.) 


9. IMios- 
plioroiis. 
(See also p. 
128 .) 


(ddoridc of 

Nitrate of 

Acetate of 

Nitrate of ■ 

liariiini. 

Eiiiie. 

bead. 

Silver. 

A wllite pj»t.. 

A bulky 

A white ])]»t.. 

No ]ipt. 

sol. ill 11(11 

wliite ppt. 

soluble in 


(fluoride of 

of fluoride 

JK'l (flu- 


barium). 

of calcium. 

oride of 



nearly in- 

lead). 



st>l. in 




llCl. 



A white 

A white x>l>t -5 

A wdiite ppt.. 

A white pi>t., 

1 sol. ill NO , 

soluble in 

soluble in 

soluble ill 

I (iodate of 

N(b (io- 

NO, (io- 

NO, and 

j barvtus). 

date of 

date of 

in am, (io- 


lime). 

lead). 

date of 




silver). 

I A white 

A wliite ppt., 

! A whiti' })]>t. 

i 

.V white ppt. 1 

! nearly in- 

insoluble in 

, of oxalate 

: of oxalatt‘1 

i sol. in wa- 

water, ox- 

of lead. 

of silver, i 

i ter, sol. in 

alic and 


soluble in ! 

acids (oxa- 

acetic 


N’(), and 1 

late of bu- 

acids, and 


ill am. 

1 rytus). 

ainnioiii- ' 




1 a cal salts 



i 

(oxalate of 



1 

lime). 

I 


A white Idd., 

A white ])X>t.. 

A white jipt., 

1 A yellow 

soluble in 

, soluble in 

soluble in 

1 ])])t., sob 

JICl and 

i acids. Soln. 

1 NO, 

in NO, 

; slie^htly sol. 

1 of gv})sum 

nearly in- 

sol. in am. 

! in in ur. am. 

i aflbrdsthisi soluble in 

j (phos^diatc ! 

j (phosphate' ppt. 

acetic acid 

of silver). | 

of barytes). 


(phosphate 

; ! 
i 



of Icatl). 

1 

1 

i 

A white ppt.. 

A whik‘ ppt.. 

1 A white pi)t.. 

i j 

, A hrowm ppt. ' 

soluble in 

soluhU* in 

! soluble in 

' of metallic j 

IKd, sol. 


; >■(),,„ in- 

silver. | 

in inur. am. 

(phosphite 

1 s#l. ill accn 

i : 

j (phosphite 1 of lime). 

1 of barvtes). • 

tie; iicid 

'i 
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Acids 

(neutralized). 

Chloride of 
Barium. 

Nitrate of 
Lime. 

Acetate of 
Lead. 

Nitrate of 
Silver. 

10 . Selenic. 
(See also p. 

129 .) 

A white ppt., 
insol. in 
NO 5 , sol. 
inhotHCl. 
(seleniate 
ofbarytes). 

A white ppt., 
soluble in 
NO 5 (se- 
leniate of 
lime). 

A white ppt, 
insol. in 
NO 5 (se- 
leniate of 
lead). 

A white ppt., 
soluble in 
NO, (se- 
leniate of 
silver). 

11. Silicic. 
(See also p. 
131.) 

• 

A white ppt., 
sol. in di- 
lute HCl 
(silicate of 
barytes). 

• 

A white ppt., 
sol. in di- 
lute NO 5 . 
(silicate of 
lime). 

A white ppt, 
soluble in 
NO 5 and 
in potash 
(silicate of 
lead). 

Ayellowppt., 
sol. in di- 
lute NO, 
(silicate of 
silver). 

12 . Sul- 
phuric. 
(See also p. 
132.) 

A white ppt. 
of sulphate 
of barytes, 
insol. in 
acids. 

A white ppt. 
of sulphate 
of lime, 
soluble in 
much wa- 
ter. 

A white ppt 
of sulphate 
of lead, 
(See p. 91 .) 

No ppt. ex- 
cept in a 
very con- 
ctd. Boln. 

13. Sul- 
])hurous. 
(Sra also p. 
133.) 

A white ppt., 
soluble in 
IICI. 

A white ppt, 
soluble in 
much wa- 
ter. 

A white ppt, 
sol. in di- 
lute NO,. 

A white ppt, 
soluble in 
NO,, and 
in am. 

14. Tarta- 
ric. 

(See also p. 
134.) 

A white ppt., 
slightly 
sol. in ex. ; 
more sol. 
in dilute 
acids (tar- ' 
trate of ba^ 
rytes). 

A white ppt, 
almost ill- 
sol. in wa- 
ter, sol. in 
^ salts of am. 

1 (tartrate 
of lime). 

A white ppt. 
of tartrate 
of lead. 

A white ppt 
of tartrate 
of silver, 
sol. in am. 
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ADDITIONAL OBSERVATIONS ON THE ACIDS NOTICED 
IN THE PRECEDING TABLE. 

The basis of the arrangement into one group of the acids 
mentioned in the above table, is their precipitability by chlo- 
ride of barium from perfectly neutral solutions. Wlieti a 
solution of chloride of barium is added to a neutral liquid 
containing either of the above acids, a precipitate falls, con- 
sisting of a combination of barytes with the acid. But this 
property is possessed by several other acids ; namely, those 
metallic acids whose characters form the subject of the two 
preceding chapters. All these metallic acids, however, are 
distinguished from the above by their precipitability by sul- 
phuretted hydrogen, with the exception of chromic, manganic, 
and hypermanganic acids, the remarkable colours of whose 
solutions do not allow of their being confounded with cither 
of the acids noticed in the present section. 

The^ distribution of non-metallic acids into two classes, ac- 
cording to their comportment with chloride of barium, is not 
strictly exact; inasmuch as the saline combinations of a 
few acids afford precipitates with chloride of barium in 
concentrated, but not in moderately diluted solutions. Such 
is the case with hyposulphites and cyanides, the acids cor- 
responding to which are here considered as belonging to the 
second section. 

Some of the acids grouped together in the present section 
have an organic origin, namely, citric, oxalic, and tartaric ; 
the remainder are inorganic acids, which do not blacken or 
carbonize on being calcined, as do most organic acids. The 
barytes compounds of all the acids of this class are soluble in 
hydrochloric acid, with the single exception of sulphate of 
barytes. 

1. Boracic Acid. — In the free anhydrous state, and in 
combination with fixed bases, boracic acid is fixed at a very 
intense heat, but in the presence of aqueous vapour boracic 
acid is slightly volatile, even below the boiling point of 
water. Free boracic acid is peculiar in affecting yellow tur- 
meric paper in the manner of a free- alkali blue litmus 
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paper acquires a wine-red tint by free boracic acid. All bo- 
rates are insoluble, with the exception of the alkaline, whose 
solutions are colourless, and affect test papers as a free alkali. 

Free boracic acid is soluble in alcohol y and bommunicates 
to the flame of the latter a green tinge, most perceptible at the 
borders of tlie flame. This is the most convenient and charac- 
teristic test for free boracic acid. In the case of a borate, 
sulphuric acid is first applied to liberate boracic acid, the 
application of an excess of sulphuric acid being carefully 
avoided. The mixture is then evaporated to dryness, the 
residue mixed with alcohol, filtered, and the alcoholic liquid 
inflamed. 

When strong sulphuric acid is added to a hot and concen- 
trated solution of an alkaline borate, and the mixture allowed 
to become cold, scaly crystals of boracic acid arc deposited. 

2. Bromic Acid. — Compounds of bromic acid with 
metallic oxides (bromates) are converted, by being heated to 
redness, into metallic bromides, with evolution of oxygen gas. 
If mixed with sulphur or other combustible substance, bro- 
mates detonate violently when heated ; such mixtures also in- 
flame when moistened with a drop of oil of vitriol. If mixed 
with oil of vitriol only, bromates disengage, without the appli- 
cation of heat, oxygen gas, and the vapour of bromine, which is 
recognized by its red colour. Bromates also afford free bro- 
mine, when mixed and heated with hydrochloric acid and 
nitric acid: the liberated bromine communicates a red or yel- 
lowish tinge to the solution, according to the state of dilution 
of the liquid. 

Bromates arc distinguished from all other classes of salts, 
except nitrites, by affording red fumes when mixed with con- 
centrated sulphuric acid, without the application of heat. From 
nitrites, bromates arc distinguished by being converted when 
heated to redness into bromides. (See the character of bro- 
mides (or hydrobromic acid) in the following section.) 

3. Carbonic Acid. — Compounds of carbonic acid with 
bases are recognized with great ease by the facility with 
which they are decomposed by dilute hydrochloric and ahnost 
all other acids, with effervescence of carbonic acid, as a 
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colourless and inodorous gas. In a highly dilute solution, no 
effervescence may occur, as free carbonic acid possesses a 
slight degree of solubility in cold water. In the case of al- 
kaline carbonates, no effervescence may happen on the first 
addition of hydrochloric or other acid, in consequence of the 
formation of alkaline bicarbonates. 

No carbonates except the alkaline arc soluble in water 
which contains no free carbonic acid ; but some carbonates 
of earthy and metallic bases are slightly soluble in water in 
the presence of free carbonic acid. Carbonates of earths and 
oxides of metals proper lose the whole or a portion of their 
carbonic acid when heated to redness. 

Alkaline carbonates and bicarbonates affect test paper in 
the manner of a free alkali. In solutions of chloride of 
calcium and chloride of barium, alkaline carbonates produce 
precipitates of carbonates of lime and barytes ; but alkaline 
bicarbonates do not, unless the mixtures are heated. 

Free carbonic acid, either in the state of gas, or dissolved 
in water, produces, in baryta-water and lime-water, precipi- 
tates of carbonates of barytes and lime, which completely re- 
dissolve on applying an excess of c«arbonic acid. The 
solutions thus made become turbid when mixed with lime- 
water or baryta-water, and also when boiled, owing to the 
removal of the excess of carbonic acid and rc-j^recipitation of 
the carbonate. 

4, Citric Acid. — When heated to redness, citric acid, 
and citrates become carbonized. 

Although chloride of calcium and nitrate of lime produce a 
white precipitate of citrate of lime in a solution of citrate of 
potash or soda (see the preceding table), yet these reagents do 
not precipitate free citric acid from its solutions. If the solu- 
tion of citrate of lime in muriate of ammonia is boiled, a dense 
white precipitate of basic citrate of lime is formed. Cold 
solutions of citric acid and citrates afford no precipitate with 
lime-water, but if the latter is in excess, a white precipitate 
falls when the mixture is heated ; the precipitate, ho\vever, 
re-dissolves on cooling. If a solution of citric acid mixed 
with chloride of calcium is saturated with ammonia, no precipi- 
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tate is formed at a low temperature, unless the liquid is 
highly concentrated; but on boiling the mixture, a dense 
white precipitate of basic citrate of lime immediately appears. 
(Fresenius.) 

Free citric acid, as well as the citrates of potash and soda 
(see the preceding table), produces a precipitate of citrate 
of lead when added to a solution of acetate of lead. Though 
only sparingly soluble in pure ammonia, this precipitate 
dissolves with great ease in a solution of citrate of ammonia. 

Citric acid is best distinguished from the other organic 
acids with which it is likely to be confounded by its com- 
portment with acetate of lead, lime-water, and chloride of 
calcium and ammonia. 

5. Hydrofluoric Acid and Fluorides. — Hydro- 
fluoric acid and fluorides arc detected with case by the 
peculiar action of free hydrofluoric acid on siliceous sub- 
stances. When this acid is placed in contact wdth glass 
or other siliceous compound, the hydrofluoric acid and si- 
lica undergo mutual decomposition, with formation of the 
gaseous fluoride of silicon and water: by contact with more 
water, fluoride of silicon affords hydrofluosllicic acid, and 
a deposit of silica. This property of hydrofluoric acid may 
be made available for the detection of fluorides in three 
ways : — 

1. On a glass plate, thinly coated with bees’ wax by 
warming the plate, lines are traced by means of a point of 
wood or ivory, so as to lay the glass bare. On this glass 
is placed the solution of the substance to be examined, 
mixed with sulphuric acid, and the mixture is allowed to 
become dry. If the substance under examination contained 
a fluoride, the glass is found, after removal of the wax, to 
be corroded or etched in the lines where it had been exposed. 

2. The substance suspected to be a fluoride is mixed with 
concentrated sulphuric acid, and placed in a platinum 
crucible, which is covered with a glass plate prepared with 
wax as just described, and exposed for a quarter of an hour 
to a moderate heat, insufficient to melt the wax. If the 
substance is* a fluoride, the glass is found to be etched on 
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the removal of the wax. The melting of the wax may be 
prevented in this experiment by covering the glass plate 
with a piece of cloth kept constantly moist with ether. 

8. The substance is mixed with finely powdered glass, 
or siliceous sand and concentrated sulphuric acid, ^and the 
mixture is heated in a test-tube or flask, furnished with a cork 
and bent tube for conducting away a gas. If the substance 
is a fluoride, fluosilicic gas is evolved, which, when conducted 
into water through the bent tube, produces a gelatinous 
deposit of silica and an aqueous solution of hydrofluosilicic 
acid (see note at page 52.). 

If the substance under examination is contained in 
solution, the first of these methods will be found most 
convenient ; or in such a case, the liquid, mixed with sul- 
phuric acid, may be evaporated in a glass vessel, which will 
of course become corroded, if a fluoride is present. The 
delicacy of the second of these methods is impaired by the 
presence of organic matters and carbonates; for which reason 
it is advisable, when these bodies arc present, to dissolve 
the material in hydrochloric acid, to add excess of ammonia 
to tlic solution, and examine the precij)itatc thus produced, 
which contains all the fluoride originally present, if insoluble 
in water. 

For a mode of detecting a fluoride when associated with a 
silicate, sec the blowj)ipe test for fluorides. 

6. Iodic Acid. — When strongly heated in a glass tube, 
free iodic acid is decomposed, being resolved into oxygen 
gas and free iodine. The former is recognized by its 
property of re-kindling a glowing match, and the latter by 
the beautiful violet colour of its vapour. Wlien a neutral 
iodate is heated in a similar manner, oxygen gas is evolved 
and an iodide remains. (For the manner of detecting an 
iodide, see the characters of hydriodic acid, in the following 
section.) 

When a solution of iodic acid is mixed with a solution of 
sulphurous acid^ iodine is set at liberty, and the sulphurous 
acid becomes converted into sulphuric acid. The presence 
of free iodine is indicated by the production of • a deep blue 
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compound with starch mucilage (see page 37.). The sul- 
phurous acid is first applied to the solution of the substance 
under examination, and afterwards the starch mucilage. 

By either of the characters above described, iodic acid may 
be distinguished from all other substances with certainty. 

7. Oxalic Acid. — All oxalates are decomposed when 
heated to redness. Oxalates of potash, soda, lime, strontian, 
and barytes, disengage carbonic oxide gas at a dull red heat, 
and leave carbonates of the bases. Some oxalates of oxides 
of metals proper leave their metal in its uncombined state, 
and others their metallic oxide, after being heated to redness. 

If heated with concentrated sulphuric acid^ oxalic acid and 
dry oxalates are decomposed into carbonic acid gas and 
carbonic oxide gas: the former may be recognised by its 
property of causing a turbidity in lime-water] owing to the 
formation of carbonate of lime ; and thd latter, by its burning 
with a pale blue flame after having been passed through lime- 
water. 

Lime-water y and neutral solutions of salt9 of lime, arc 
exceedingly delicate tests for oxalic acid (see the preceding 
tabic). Even a solution of sulphate of lime is sufficiently 
strong to afford a white precipitate of oxalate of lime with 
free oxalic acid or an oxalate. Though insoluble in oxalic 
and acetic acids, oxalate of lime is soluble in hydrochloric 
and nitric^acids ; hence the addition of ammonia is necessary 
for the complete precipitation of oxalic acid by chloride of 
calcium or nitrate of 'lime, otherwise hydrochloric or nitric 
acid is liberated. By exposure to a dull red heat, oxalate 
of lime disengages carbonic oxide gas, without being black- 
ened (if pure), and is converted into carbonate of lime. By a 
stronger heat, the carbonate of lime is reduced to quicklime. 

The principal characters by which oxalic acid is distin- 
guished from such bodies as are likely to be confounded 
with it in the course of a qualitative analysis are, 1st, its 
affording a white precipitate with a solution of sulphate of 
lime, soluble in hydrochloric acid, insoluble in acetic acid, 
and convertible into carbonate of lime by exposure to a 
red heat; and 2clly, its decomposition into carbonic oxide 
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and carbonic acid gases, by being heated with concentrated 
sulphuric acid. 

8. P HOsniORic Acid (Tri basic). — No phosphates except 
the alkaline ar^ freely soluble in water, but all earthy and 
metallic phosphates are soluble in mineral acids, though highly 
diluted. Even acetic acid is capable of dissolving readily 
several phosphates insoluble in water. 

The most delicate precipitant of phosphoric acid is a so- 
lution of a salt of magnesia^ containing free ammonia or 
carbonate of ammonia, A solution of sulphate of magnesia 
or chloride of magnesium produces only in tolerably strong 
and neutral solutions of j)hosphates, a white precipitate of 
phosphate of magnesia. But if free ammonia or carbonate 
of ammonia is also present, and the mixture is stirred with a 
glass rod, a white crystalline precipitate of j)hosphate of 
magnesia and ammonia soon appears, although the solutions 
arc highly diluted. This precipitate is insoluble in ammo- 
niacal salts, but freely soluble in all acids. 

In a salt soluble in water, phosphoric acid is also re- 
cognised by the yellow precipitate produced in its solution 
by nitrate of silver* (see the preceding table), and by the 
peculiar blow-pipe characters of the white precipitate of 
phosphate of lead, produced in a neutral liquid by acetate of 
lead. Phosphate of lead is scarcely at all reduced when 
ligated upon charcoal in the interior flame ; in the exterior 
flame it fuses to a colourless and transparent bead, which 
crystallises and becomes opaque on cooling. 

In the phosphates of the alkaline earths, phosphoric acid 
may be detected with certainty by the following process : — 
To the solution of the substance in hydrochloric acid, per- 
chloridc of iron is added in excess, and afterwards a slight 
excess of ammonia. If any phosphoric acid is present, the 
precipitate consists of a mixture of phosphate of the peroxide 
of iron, and peroxide of iron produced from the excess of 

♦ Solutions of alkaline silicates produce in a solution of nitrate of silver a 
precipitate which resembles the phosphate of silver, not merely m colour, but 
likewise in solubility in acids, and in ammonia. Before app ying nitrate o 
silver, therefore, as the test for phosphoric acid, the absence of silicic acid should 
be ascertained in the usual way. 
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pcrchloride of iron. Acetic acid is added to the mixture, in 
order to dissolve the peroxide of iron, and the phosphate of 
iron which remains undissolved is collected on a filter, well 
washed, and then digested in hydrosulphatc of ammonia, 
which decomposes the phosphate of iron, with formation of 
sulphuret of iron (insoluble) and phosphate of ammonia 
(soluble). The niixture is then thrown on a filter, and the 
filtered liquid mixed with a solution of a salt of magnesia. 
If phosphoric acid is present, a white precipitate of ammonio- 
phosphate of magnesia appears. The application of acetic 
acid to the mixture of oxide of iron and phosphate of iron, 
is not essential to this test, and need only be practised when 
the perchloridc of iron was applied in great excess. The 
precipitate, however, must always be well washed before it 
is digested in the hydrosulphate of ammonia. 

9. Phosphorous Acid. — A solution of phosphorous acid 
in water slowly absorbs oxygen when exposed to the air, 
being converted into a solution of phosphoric acid. Free 
phosphorous acid in a concentrated state is recognised by the 
decomposition it experiences at a high temperature, with 
evolution of phosphuretted hydrogen gas, of a very disagree- 
able odour, not spontaneously inflammable, but which imme- 
diately inflames on the approach of a lighted taper, giving 
off white fumes of phosphoric acid : when passed through a 
solution of nitrate of silver, this gas produces a browni^i- 
black precipitate of metallic silver. In applying these tests, 
the syrupy acid may be heated in a narrow tube sealed at 
one end. 

All phosphites are soluble in acids, but only the phos- 
phites of the alkalies are freely soluble in water. Phosphite 
of lead is about the least soluble of the phosphites. Solutions 
of phosphites and of free phosphorous acid are powerful 
deoxidizing agents, owing to the disposition of phosphorous 
acid to pass into the state of phosphoric acid. Solutions of 
salts of gold afford a precipitate of metallic gold when mixed 
with a phosphite or phosphorous acid, at the ordinary tem- 
perature. Salts of copper are reduced by phosphites and 
phosphorous, acid* only when when the mixture is boiled. 
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The first addition of phosphorous acid, or a phosphite, to a 
solution of chloride of mercury, causes the formation of a 
white precipitate of subchloridc of mercury (calomel); when 
an excess of the phosphite or phosphorous acid is applied, 
the subchloridc is further reduced to metallic mercury. 

Most solid phosphites, when heated to redness, are con- 
verted into phosphates, with disengagement of hydrogen gas, 
which is recognised by its burning with a faint blue flame. 
The hydrogen is derived from the water of crystallization 
contained in the pliosjdiitc, the oxygen of which converts the 
phosphite into a phosjdiatc. Neutral phosphites of the fixed 
alkalies, carthvS, and several metallic oxides, form neutral 
phos])hates, when thus heated. Other phosjdiites, containing 
but little water, among which is the phosphite of lead, 
become converted into basic phosphates, Avith disengagement 
of a mixture of hydrogen gas and phospliurettcd hydrogen 
gas, not spontaneously inflammable, (liosc.) In applying 
tills character as a test, the material may be heated i^i a 
narrow glass tube sealed at one end. 

The only acid with which phospliorous acid is easily 
confounded, after the application of the above tests, is 
hypophosphorous acid. The latter likewise reduces several 
metallic salts, and disengages phospliurettcd hydrogen gas 
when strongly heated in the free state. To distinguish these 
bodies, the acid is carefully neutralised Avith potash, soda, 
or barytes, the li([uid is CA-aporated to dryness, and the dry 
residue is strongly heated in a narrow glass tuboretort. 
A h} pojihosphite then disengages phosphuretted hydrogen 
gas, sjAontancously inflammable, producing in its combustion 
dense Avhite fumes of phosphoric acid. A phosphite, on the 
other hand, disengages hydrogen gas, which burns on the 
approach of a lighted taper, Avith a blue flame, Avithout Avhite 
fumes. All compounds of hypophosphorous acid Avith bases 
are soluble in Avater, but many phosphites of oxides ol metals 
proper are nearly insoluble in Avatcr. (Sec page 128.) 

10. Seeenic Acid. — The compounds of bases with so 
Ionic iicid possess considerable resemblance to the analogous 
compounds of sulphuric acid; hence, sclenic and sulphuric 

K 
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acids may be confounded in the course of a qualitative 
analysis. The seleniates of lime, barytes, strontiaii, and 
oxide of lead, for example, are iiisolubh;, or but slightly 
soluble, in water and cold diluted acids, as the corresponding 
sulphates. Seleniatc of barytes is distiiigiiislicd from sul- 
phate of barytes by being soluble, witli decomposition, in 
boiling hydrochloric acid. Pure hydrated selenic acid is a 
colourless liquid, of an oleaginous consistence, which de- 
composes, when heated above 550® Fahr., into oxygen gas 
and sclenious acid. 

When boiled witli hydrochloric acid, selenic acid is de- 
composed, whether in the free state, or in combination with 
bases : the selenic acid becomes converted, in this case, into 
sclenious acid, a part of its oxygen uniting with the hy- 
drogen of tlie hydrochloric acid to form w^atcr, and the 
chlorine of the hydrocliloric acid being liberated. After 
expulsion of the free cldorine by ebullition, tlie solution 
comports witli reagents as pure selenious acid (sec pages 102. 
and 111.), giving precipitates with sulphuretted hydrogen 
and suljihurous acid ; but neither of thcvsc jiroduces any pre- 
cipitate ill a pure solution of selenic acid. Owing to the 
presence of free eldoriiie, the mixture of selenic and hydro- 
chloric acids j)ossesses the power of dissolving metallic gold 
and platinum. 

WTien a mixture of a seleniatc with sal-ammoniac is heated 
in a glass tube, selenium rises in va])uur, and condenses on 
the cool part of the tube. 

Selenic acid is distinguished from all other acids, except 
sulphuric, by its property of f(»rniing, with a solution of a 
barytes salt, a white precipitate of seleniatc of barytes, in- 
soluble in nitric acid; this precipitate is distinguished from 
sulj)hate of barytes by its solubility in boiling hydrochloric 
acid. The conversion of selenic acid and seleniates, when 
boiled with hydrorldoric acid, into selenious acid and sele- 
nites, with disengagement of free chlorine, presents the most 
decisive test for these bodies. The free chlorine is recoix- 

O 

nised by its odour and bleaching action on organic colouring 
matters, and the selenious acid by the tests mentioned at 
page 111. 
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11. Silicic Acid. — Silicic acid is met with in two states, 
one of which is soluble in acids and in water ; but the other is 
insoluble in all acids except hydrofluoric. In either of these 
states, silicic acid Is soluble in a boiling solution of potash, but 
the soluble modification dissolves in potash much more freely 
than the insoluble. When the soluble silicic acid is heated, 
no free alkaline or earthy base being present, it is converted 
into insoluble silicic acid, being no longer soluble in hydro- 
chloric acid. 

When insoluble silicic acid is fused with potash or soda, or 
their carbonates, an alkaline silicate is formed, which dissolves 
in water. If insoluble silicic acid is heated to bright redness 
with caustic ])arytes or quicklime, a silicate of barytes or 
lime is formed, nearly insoluble in water, but soluble in 
hydrochloric acid. The only silicates which dissolve freely 
in water are those liaving an alkaline base. 

As free silicic acid occurs in two states, the one soluble, 
the other insoluble in hydrochloric acid, so silirates of bases 
arc found in two states, soluble and Insoluble in hydrochloric 
acid. If an insoluble silicate is heated to redness in contact 
an alkali, an alkaline carbonate, caustic barytes, or quick- 
lime, th(i silicic acid is converted into the soluble modifi- 
cation. 

When a soluble silicate is mixed with hydrochloric acid, it 
is decomposed, a chloride of the base being formed, and 
silicic acid set at lilKn*ty. If the propurtion of hydrochloric 
acid present is small, a portion of the silicic acid may remain 
undissolved, in the form of a transparent jelly ; l>ut if the 
proportion of silicic acid is small, it may be completely 
dissolved by hydrochloric acid. Wlicn a solution of silicic 
acid in hydrochloric acid is evapennted, and the residue heated 
until It is perfectly dry, the silicic acid passes from the solu- 
ble to the insoluble form ; so that when the residue of the 
evaporation is treated with water or hydrochloric acid, the 
chloride which may happen to be mixed with silicic acid 
dissolves, and leaves the silicic acid wholly undissolved. 

In testing any substance whatever for silicic acid, it is 
mixed with hydrochloric acid, (after fusion with an alkaline 
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(^arbcnate, wlieii the substance is not attacked by hytlro- 
cliloric acid without,) the mixture is evaporated to dryiicSvS, 
and the dry residue treated with dilute hydrochloric acid. 
Slll(!ie acid, if present, remains undissolvcd. The residue 
should be further examined before tlie blowpi})C. (>See the 
blowjiipc characters of silicic acid.) 

12. SuLriiu UK; Acid. — Sulphuric acid is recognised 
witli ease in its soluble combinations, by affording, with a 
solution of a harj/tes a wliite precijiitatc of sulphate of 
barytes, insoluble in all acids. A solution of sclenic a(‘id 
produces, with barytes solutions, a white precipitate of 
seleiiiate of barytes, insoluble in nitric acid : but the seleniate 
is ilistinguished from sulphate of barytes by its solubility in 
boiling hydrochloric acid, with disengagement of free chlorine. 
(I)agc 1:50.) 

If a solution of chloride of barium or nitrate of barytes is 
mixed with a rK(uid containing much free hydrochloric or 
nitric acid, a ]^reci]>itate of chloride of barium, or nitrate of 
barytes, may bo produced, and an ciToneous conclusion be 
di'avvn concerning the ])reseiK!c‘ of sulidiuric acid. I'lie pre- 
cipitation of tlu‘se suits is owing to their smaller ilegrcc oi’ 
v«olubilitv in tlu' above acids tlian in water. On dilntintr the 
mixture with water they immediately dissolve, whereby they 
ai'C distlnguislied from sulpliate of barytes. The first addition 
of a srJution of chloride of barium to a mixture of nitric acid 
with a little sulphuric acid, causes the preeipltation of nitrate 
of barytes, instead of sulphate of barytes; for if the acid 
li(piid is j)Oured off from the ])rccipitatc, and the latter 
washed witli pure nitric acid, it may be completely dissolved 
in distilled water. 

To detect sulphuric acid in suljdiates insoluble or but 
slightly soluble in water and dilute acids, (sulphates of lime, 
barytes, stroutlan, and lead,) the suljJiate is boiled for some 
time in a solution of’ carbonate of soda., whereby sulphate of 
soda and an insoluble carbonate of the base are formed. The 
licpiid is filtered, supersaturated with hydrochloric aedd, and 
tested for sulphuric acid with cliloride of barium. 

IIydrofluogi.illcic*acid j)roduccs, in solutions of barytes salts. 
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R wliite precipitate of fluosilicate of barytes, which resciiil)les 
su]i)liate of barytes in being nearly insoluble in nitric and 
hydrochloric acids. Ihit hydrofluosilicic acid liiay be dis- 
tinguished from sulphuric acid by not iiroducing any pre- 
cij>itate in solutions of salt of lead and strontian, as suljduiric 
acid dues; and fluosilicate of barytes docs not behave like 
Hidphatc of barytes when heated with soda in the reducing 
dame of the blowpij)e. (See the characters of sul|)hates be- 
Ibre tlie blowpipe, in tlic chapter on Blow])ij)C Analysis.) 

13. Skliuiuroi s Acid. — Sulphurous acid in the free 
stat(‘, and unmlxed with other volatile acids, is readily d - 
c.ogniscd by its peculiar and highly ])ungent odour.* Siil- 
])hurousacid gas, and the aqueous solution of sulphurous acid, 
destroy the colour of ])aj)er stained with an iiifusioji of Brazil 
wood. By ex])Osure to air, a solution of suljdmrous acid 
gra<lually al)sorl)s oxygen, loses its odour, and becomes a 
solution of sulphui'ic acid. 

Nitric acid and oxidizing agents in general, convert sul- 
phurous acid into sulpliuriv! acid. When iodic acid, is mix(*d 
with sid})hurous acid, iodine is set at liberty, in (‘onsequence 
of the complete deoxidation of the iodic acid. TIu‘ ril>eratiHl 
iodine is detected by starch mucilage (page 148.), wliicli forms 
a blue compound with iodine. (See tlie mode of detecting 
sul})hurous acid in hydrochloric acid by this test, desci’ibed tit 
page 19 .) If a liquid contains sulphuric acid tifter the 
tqiplication of chlorine or pure nitric acid, but none before, 
the presence of sul})hurous acid may be inferred. To apply 
this test, the liquiil is mixed first with a solution of chloi-ide 
of barium, and tiftcrwards, if a precipitate is produced, with 
pure hydrochloric ticid and water, to ascertain whether the 
preci[)itato is entirely soluble in that acid, in which case no 
sulphuric acid is jirescnt. On adding a little nitric acid to 
the hydrochloric solution, a white prcci])itatc of sulphate ot 
barytes is soon produced, if the li<pild contained sulphurous 
acid. If chloride of barium produces in the original liquid a 
precipitate of sulphate of barytes, insoluble in hydrochloric 

• Tlie suirofiitinp; vapour whicli rises from burning sulpliur is sulpliurous 
acid gas. 
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acid and water, the hydrochloric solution may be filtered and 
tested for sulphurous acid by nitric acid, as if no sulphuric 
acid was present. 

Neutral solutions of sulphites do not exhale the odour of 
sulphurous acid, but if sulphuric or hydrochloric acid is 
mixed with a sulphite, free sulphurous acid is immediately 
disengaged without any precipitation of sulphur.* From a 
very concentnited solution of a sulphite, sulphurous acid is 
evolved with effervescence. 

Sulphurous acid precipitates metallic gold from n solution 
of chloride of y old without the application of heal, (page S9.) 
Salts of silver and some other metals arc also jeduced by 
sulpiiurous acid, but very slowly without the assistance of 
heat. 

14. Tartauio Acid. — A\"hen heated to redness, tartaric 
acid, and compounds of tartaric acid with bases, In'come 
carbonized, and disengage at the same time a pe(‘uliar odour, 
by which they may be distinguished from most other bodies 
which carbonize when ignited. 

When a solution of a salt o f potash is mixed with free 
tartaric acid, a white crystalline pnadpitate of l)i tart rate of 
potash (cream of tartar) appears, sparingly soluble in water, 
but freely soluble in alkalies and mineral acids, llltartrate 
of potash is considerably less soluble in an alcoholic li(]uid 
than in water, and its solubility is not increased by free 
acetic acid ; therefore the best way of applying a salt of f)otash 
as a test for free tartaric acid, is to use the acetate of potash 
as the precipitant, and to add some alcohol to the mixture. 
{Stirring with a glass rod accelerates the precipitation of* 
bitartrate of potash. 

If a neutral solution is to be tested for tartaric acid, free 
acetic acid may first ho ;ij>]>lied, and afterwards a solution of 
acetate of potash with ftome alc(»hol. 

The only substance with which tartaric acid is likely to be 
confounded, in the course of a qualitative analysis, is racemic 

* The property of disengaging sulphurous acid, and uHording at the same 
time a milk-white precipitate of sulphur when mixed with hydrochloric or 
sulphuric acid, is characteristic of the class of salts termed hyposulphites. 
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or paratartarlc acid. Tartaric and racemic acids resemble each 
other, and differ from other acids, in being j)rccipitated by a 
solution of a salt of potash, in disengaging a peculiar odour 
when carl)onized, and by affording white precipitates with 
lime-water in excess, which are soluble in a solution of potasli 
in the cold, but not when heat is appli(;d.* Tartaric and 
ra(*emic acids may be distinguished from each other by the 
folloAviiig characters. The precipitate of tartrate of lime, 
])ro(luced on adding limc-vmtrr in excess to tartaric ticid, is 
very soluble both in solution of tartaric acid and in solution 
of muriate o f ammonia ; but the precipitate of racemate of 
lime, formed on mixing lime-water with racemic acid, is in- 
soliildc both in solution of tartaric acid, and in solution of 
ammonia. Solution of suljdiatc of lime produces, in a solution 
of free racemic acid, a white precipitate of racemate of lime, 
after the lapse of about a quarter of an hour; but free tartaric 
acad affords no pre(*ipitate with a solution of sulphate of lime. 
Neutral solutions ol‘ racemates with the same reagent yield a 
precipitate Immediately, but solutions of neutral tartrates 
only after some time, and then a scanty one, (Fresenius.) 


SECTION 11. 

NON-MKTAIiLIC A4IPS NOT PRECIPITATEP FROM THEIR SOLUTIONS BY 
CULORIl»K OF BARIUM. 


/ Nitrate of Lime, 

(iieutrali/ed). 

Acetate of Lead. 

Nitrate of Silver. 

1. Acetic. No ppt. 

(See also p. 

138.) 

I 

No ppt. 

From conetd. 
solus., a cryst. 
ppt. of acetate 
of silver. 


• When the solution of t.irtratc or racemate of Imic in solution of potash is 
boiled, it becomes turliid, owing to the precipitation of the tartrate or racemate 
of lime ; but as the liquid cools, the precipitate redissolvcs, and the solution 
again becomes clear. 
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Acids 

(neutralized). 

2. Chloric. 
(See also p. 
138.) 

Nitrate of Lime. 

No ppt. 

Acetate of Lead. 

No ppt. 

Nitrate of Silver. 

No ppt. 

3. Foniiic. 
(See also p. 

No ppt. 

No p])t. except 
in very strong 
solutions. 

If the mixture is 
heated slowly, 
a black ])ow- 
der of metallic 
silver appears. 

4. Hydro- 
chloric. 

(See also ]). 
140.) 

No ppt. 

A white ppt. 
slightly sol. in 
water (chlo- 
ride of lead). 

A curdy white 
ppt., iiisol. in 
N(X,, sol. in 
am. (chloride 
of silver). 

5. Hydro- 
cyanic. 1 

(See also ]>. ; 
142.) 1 

! 

! 

1 No ppt. * 

! I 

1 
! 

A white ppt. of 
cyanide of 

lead. 

A white ppt., 
insul. in dilute 
NO., sol. in 
am. and in 
cyanide of 

potm. (cyan- 
ide of silver). 

i i 

1 6. Hydro- | 

No ppt. 

A white ppt., sol. ' 

A yellowish ppt.. 

1 bromic. 


in N(K (hro- i 

insol. in dilute 

I (See also p. 


initie (>f lead). ; 

NO;,, slightly 

1 145.) 

j 


sol. in am. 

! 


(bromide of 

' i 


1 

silver). 

j 

; 1 

— 

■■■ i 

— 

; 7. Ilydrio- | 


A yellow ppt., sol. 

A yellowish ppt.. 

die. ; 


in NOr,, and j 

insol. in NO,,, 

(See also p. 


ill hot water. ! 

nearly insol. in 

146.) 

i 

It becomes ■ 

am. (iodide of 

1 

whitish with j 
excess of acet. | 

silver). 
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Acids 

(neutralized). 

Nitrate of Lime. 

1 

Acetate of Lead. 1 

1 

Nitrntc of Silver. ! 

8. Ilyclro- 
seleiilc. . 
(See also p. 

1 4^9.) 

No ppt. 

A black ppt. of ^ 
seleniuret of 
lead. 

A black ppt. 1 

i 

9. Ilydroisul- 
pliocyiiuic. 
(Sec also p. 

M‘9.) 

No ppt. 

No ppt. if the 1 
solutions are 
moderately di- 
lute. 

A curdy white j 
ppt., sol. in ! 
strong hut not 
in dilute am. 

10. llydro- 
8uli)luiric. 
(See also [). 
150 .) 

No ppt. 

A black ppt. of 
of sulphuret 
of lead. 

A black ])pt., in- 
sol. in am. 
(sulphuret of 
silver). 

11. ITypo- 
sidphurlc. 
(See also p. 
i.ai.) 

No ppt. 

No ppt. 

No ppt. 

1 

12.IIyp()sal- 
])liuroiis. 
(Sec also }>. 
15M.) 

No ppt. 

i 

1 

A white ppt., 
slightly sol. ill 
NO, 

i 

A white ppt., be- 
coming black. 

13. Nitric. 

(See also p. 
ir>k) 

No ppt. 

1 

No ppt. 

No ppt. 

14. Nitrous. 
(See also p. 
ir)!).) 

No ppt. 

No ppt. 

A white ppt., 
slightly sol. in 
water. 

15. Pcrclilo- 
ric. 

(See also p, 
1.^7.) 

No ppt. 

No ppt. 

j 

No ppt. 



1?8 


BEHAVIOUR OF SUBSTANCE!? 


ADDITIONAL OBSERVATIONS ON THE CHARACTERS OF THE 

ACIDS NOT FRECiriTATED BY CHLORIDE OF BARIUM. 

1. Acetic Acid. — Free acetic acid volatilizes without 
residue when heated, affording vapours of’ a peculiar and 
pungent odour. Acetates evolve the same odour when 
moistened with concentrated anlphnric acid^ owing to the 
liberation of acetic acid. If .about equal wciglits of oil of 
vitriol and alcohol arc^ mixed with an acetate, and the mixture 
heated, the characteristic odour of acetic etlier is evolved. This 
chara(*ter may be conveniently aj>plied as a satisfactory t(‘st 
for an acetate. Nearly all acetates are freely soluble in 
water: the acetates of silver and suboxide of mercury are 
about the least soluble of tliis class (d‘ salts. All acetates 
are dccom])osed by being heated to redness. 

The most decisive test for acetic acid is founded on tli(» 
property which this acid possesses of dissolving an cxcc'ss of 
protoxide of lead (litharge); thus forming a solution which 
produces an alkaline reaction on test papc'r. This property 
is poss(‘ssed by no volatile organic acid except ai’ctie acid. 
In testing afL i' this manner for acetic acid in combination 
with a base, the substance is mixed with sulphuric acid, the 
mixture distilled, the product of distillation mixed with 
lith: irge in excess, and after a litthi while, tested with red 
litmus paper. If tlu* paper is rendered blue, acetic acid is 
[>ri\^ent. 

Nitrate of silver does not produce in free acetic acid a pre- 
cipitate of acetate of silver, as the same reagent does in a 
strong solution of a neutral acc'tate. ( See th(‘ j)receding Table.) 

2. Chlork' A( riL— All compounds of chloric acid with 
bases are soluble in watcj*: the least soluble of this class of 
liodies is the chlorate of potash. Free chloric acid is a very 
unstable substance, being decomposed, when its solution is 
evaporated at a raodeiate heat, into free chlorine and ])cr- 
cldoric acid. Free chloric acid, but not a chlorate, bleaches 
vegetable colouring matters: hence one test for a chlorate 
consists in adding to tlic neutral solution, first, a dilute 
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solution of sulpliate of indigo, and then sulphuric acid. If 
the blue tint disappears on the addition of the sulphuric acid, 
hut not before, the i)rcsence of cither a chlurate or a nitrate 
may be inferred. 

When heated to redness, chlorates are converted into 
chlorides, all their oxygen being disengaged. The presence 
of a chloride in the calcined substance is detected by nitrate 
of silver. To observe whether oxygen gas is evolved during 
calcination, tlie substance is heated in a narrow glass tube, 
scaled at one end, and somewhat contracted at the other; 
on introducing a glowing match into the tube, the match is 
rekindled, if much ox vgon gas is disengaged. 

W'heii a dry chlorate is mixed with sulphur, charcoal, 
sugar, or other like combustible substaiKiO, and the mixture 
luxated, a very violent dellagration or detonation occurs: with 
sul[)hur, mere frlt.*tion or percussion causes a detonation; 
and when such a mixture is touched with a drop of con- 
centrated sulphuric acid, it immediately iiursts out into 
tlanu‘. Very inimite (pian titles of the materials should he 
opcrat(‘d on, in such experiments, particularly when phos- 
jihorus is ustal. 

When heat(?d with excess of hf/drochhric acrkly chlorates 
arc* decomposed, with formation of free ehloriiui, which is 
veeognLsc‘d by its odour and bleaching action on vegetable 
colon ring-matt cu’s ; and, if in the state of gas, by its yellow 
colour. When moistened with concentrated svlphuric acid^ 
chlorates disengage chlorous acid, as a greenish-yellow gas 
of* a peculiar odour, and arc converted into perchlorates. To 
j)revent chance of explosion, in this experiment, small quan- 
tities of materials should be opei'ated on, and the application 
(d* heat carefully avoided. 

3. Foumk: Acid. — The only acid with which formic acid 
is easily confounded is acetic acid. Both formic and acetic 
acids arc volatile, and disengage a pungent acid vapour, 
whi(‘Ji is inflammable when produced from the concentrated 
acid : formiates and acetates also give rise to similar i)roducts 
when subject to destructiw distillation ; and cold strong 
solutions of formiates and acetates produce, ai first, similar 
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white precipitates in cold solutions of nitrate of silver and 
protonitratc of mercury. 

The princijial peculiarities of formic acid arc the two 
following : — 

1st. If the white precipitates produced by a formiatc in 
tolerably strong solutions of nitrate of silver and protonitratc 
of mercury are allowed to stand, they gradually become 
black, owing to the se])aration, from these t)rccii)itatcs, ol‘ 
metallic silver and metallic mercury, through the deoxidizing 
power of formic acid, wliieh becomes converted into carbonic 
acid and water. The production of metallic silver or mer- 
cury is almost instantaneous, if the mixture of the ibrmiate 
with the metallic solution is heated, even though the solutions 
arc not strong enough for the production of a white; jnx;- 
cipitate in the cold. When a solution of corrosive sublimate 
is gently heated with formic acid, a precipitate* of calomel is 
formed; but at the boiling })oint, the t)recipitate ('onsists of 
metallic mercury. 

2nd. When a formiatc is heated with oil of vitriol, it is 
decomposed without ]>eing blackened, ami (*arbonic oxide gus 
is disengaged, which takes fire on tlie ai>pro{ich of a lighted 
taper, giving a pale blue flame, without smoke. 'J'he car- 
bonic oxide thus produced is unaccompanied by carbonic acid, 
as Jiappens when an oxalate or oxalic acid is dccoinj>osc‘d l)y 
oil of vitriol in like manner, (page 12G.) 

4, IIyokociiloric Acii> and Ciilokides. — Ilydro- 
eliloric acid, in the free state, is a colourless g.as, which is 
absorbed by water with remarkable avidity. AVhen the ])ure 
dry gas, or the vapour which arises from tlic a<|ueous solution 
of this acid, is brought intA» contact witli ammonia, dense 
white fumes are produced, cunsisting of muriate of ammonia. 
When mixed with a inetjdlic oxide (a base), hydrochloric 
acid gives rise to fhc formation of water and a metallic 
chloride. Ail chlorides which are not decomposed by water, 
dissolve freely in that liquid, with the exception of cliloride 
of silver, chloride of lead, and subchloride of mercury 
(calomel). 

When nitric acid. Is added to hydrochloric acid, nitro- 
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muriatic acid or aqua regia is formed. Aqua regia coutains 
free clilorino (sec page 21.), and eouse([ui‘ntly ])ossesses tlie 
power of dissolving gold,tliough this property is possessed ])y 
neither nitric nor hydrochloric acid separately. Other bodies 
))esi(les hydrocliloric acid, form witli nitric acid a mixture 
wliich dissolves gold: hence this character cannot be a[)])lied 
as a conclusive tcist for hydrochloric acid. 

Nearly all chlorides, wlu'ii gently warmed ^\ ith ronendrated 
(tciiU <liseugngc hydrochloric acid as :i colourless 
gas, which ])roduces dense white fumes on the ap[)roae]i of a 
rod moisti'ued with some strong solution of aimnonia. Tii 
this experiment, the chloride l)ecomes converted into a 
sul])hnte. Tin? two chlorides of mercury, and the two 
chlorides <4* tin, do not disengage hydrochloric acid when 
heated with suljdnirlc acid. 

AVhen hydrochloric acid is heated with peroxide of rnein- 
f/finrsr^ and when a chloride is heated with siilplntric acid and 
peroxide of vtainjaiiese^ chlorine gas is evolved, which is re- 
cognised by its odour, its yellow colour, and its bleaching 
action on litmus pajier aii<l all vegetable colouring-matters. 

A solution of nitrate of silver^ or any other soluldc salt of 
sih er, is an extremely delicate test for hydrochloric acid and 
chlorid('s. (Sec the ]>receding Table.) By the insolul)ility of 
the ])re('lpltated chloride of silver in hot nitric acid, hydro- 
chloric acid may l)e distinguished from all other acids except 
hydrobromic, hydriodi(‘, h^urocyauic, and l)romic. Chloride 
of silver is (piite white when first prccl})itatcd, but soon 
becomes grey on exposure to light; when heated to a 
temi)eraturc below redness, it fuses without decomposition, 
and 1‘emains transparent when again cooled, by Avhich 
character chloride of silver is distinguished from cyanide of 
silver (see page 142.); its easy solubirity in ammonia dis- 
tinguishes chloride from iodide of silver ; and its not 
detonating when hctitcd with combustibles, distinguishes it 
from the brornatc of silver. 

For the detection of a chloride, In a substance which also 
contains a bromide, the apjdicatlon ot the following charactei 
has been n cominended. (M. Fresenius.). If a chloride is ^vcll 
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mixed with some chromate of jmtash^ and sufficient strong 
sulphuric acid to moisten the mass thoroughly, and the 
mixture heated in a little retort, a deep brownish-red vapour 
of chromate of perchloridc of chromium is disengaged, which, 
condenses in the receiver as a liquid of the same colour. 
When this licpiid is mixed with solution of ammonia in 
excess, a yellow solution of chromate of ammonia is obtained, 
which becomes reddish-yellow on being mixed with an acid, 
through the formation of bichromate of ammonia. When a 
bromide is treated in the same manner, a brownish-red liquid 
also distils over into the receiver; but this consists of bromine, 
and becouK's colourless, instead of yellow, when mixed with 
('xcess of ammonia. * 

C}. IIydkocyanic Acid and Cvanides. — ITydrocyanic 
acid, in a state of })urity, is a colourk'ss licpiid, miscible with 
water in all proportions, entirely volatile, tind possessed (»f a 
very strong and j)ecidiar odour. 

Several cyanides of heavy metals, among which are the 
cyanides of silver and menuiry^ are stable compounds, b(‘ing 
scarcely at all acted on by diluted suljdiuric and nitric acids : 
most of them, how»‘\er, are comjdetely dcconqjosed by sul- 
phuretted hydi ogcn and by hydrochloric acid. W hen such 
cyanides are heated to redness, they are decomposiHl ; some 
being resolved into cyanogen gas and metals, and others into 
nitrogen gas and carburets of metals. 

The cyanides of alkaline metals, and of the metals of‘ the 
alkaline earths, on the contrary, are decomj)Osed by acids 
with great facility when in aqueous solution ; even by the 
carbonic acid of the air ; but when heated to r(*dncss, without 
access of air, such cyanides undergo no alteration. 

Free hydrocyanic acid, as well as solutions of cyanides, 
afford, with nitrate of silver^ a white precipitate of cyanide of 
silver. (See the pr^-adlng Table.) When heated to redness, 
this precipitate disengages cyam^gem gas, and metallic silver 
remains behind. Cyanide of silver is scanady at all soluble 
in hydrocyanic acid ; it dissolves to a small extent in a strong, 
but not in a dilute, solution of nitrate of silver, and is very 

* Fresenius’s Elcnuntary Instructional Chemical Analysis, pages HS. 150 . 
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soluble in solutions of alkaline cyanides. From its solution 
in an alkaline cyanide, cyanide of silver is precipitated by 
dilute nitric acid. 

When a mixture of a salt of the protoxide of iron and a. salt 
of the peroxide of iron* is added to a solution of an alkaline 
cyanide, a precipitate of prussian blue is produced. This 
nuiction docs not take place with free liydrocyanic acid: for 
tlie detection of tlic latter, therefore, in this manner, an alkali 
must be ap[)lied, in order to produce an alkaline cyanide. 
This addition of the alkali may either precede or follow the 
ajiplication of‘ the salt of iron. As both the alkali and the 
salt of iron are usually aj)})lied in large excess, the precipitate 
formed by the alkali may consist merely of oxide of iron, the 
Prussian blue at first precipitated being redissolved by the 
excess of alkali, J>y next applying, however, an excess of 
hydrochloi‘ic acid, the oxide of iron is dissolved, and prussian 
blue aloiu* nMuains undissolved. For the detection of free 
h vdrocy‘.\ni<.‘ a<.’id, therelore, there should be applied 1 , a 
little caustic [lotash ; 2", a solution of copperas which has 
bc(‘n exposed to the air for some time ; and, 3 , aftci agi- 
tJitiou, an crce.v.v of hydrochloric acid. If a blue precipitate 
remains undissolved, the presence of hydrocyanic acid maybe 
inferred with certainty. This excellent test for hydrocyanic 
acid is distinguished as Seheele’s test. 

Wlu ‘11 hydrocyanic acid is mixed with a solution of the 
nitrate of the suhoxide of mercury/, metallic mercury is precipi- 
tated, and evanidc of nu'rcury remains in solution. 

Free hydrocyanic acid and a solution of cyanide of potas- 
sium (although mixed with caustic potash) dissolve finely 
powdm-ed red oxide of mercurij with ease. It is said that 
no alkaline liquid hut such as contains a cyanide is capable ot 

dissolving the red oxide ot mercury. ^ 

'1\> detect cyanogen in the cyanides of metals proper which 
arc decomposed by sul,,hnretted hydrogen, in the presence of 
water, as the cyanides of lead, silver, and mercury f, these 


contains snllicient peroxide of iron to be ‘'"'idoyed « tins expernne 
detU!l'Ctl.:i:""t;:^a“ l”-rfomed in the ordii.aey .ay, at.e 
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bodies arc mixed with water, and exposed to sulplinrettcd 
hydrogen, whereby the sulphurets of the respective metals 
and free hydrocyanic acid are produced : the latter may be 
detected in the liquid, after filtration, by Schccle’s test, or (if 
there is no excess of snlj)hurctted hydrogen present) by its 
solvent power on red oxide of mercury, whether mixed with 
an excess of alkali or not. 

Cyanogen unites with iron, cobalt, chromium, and some 
other metals, to form compounds which stand in the relation 
to metals of a salt-radical; being capable of uniting with 
metals to form true salts, and with hydrogen to form true 
acids. The cyanogen in such combinations cannot be detected 
by the ordinary tests for tliat body. The most important 
classes of salts formed by the union of such compound radicals 
with metallic bases arc the fcrrocyanldcs and ferrideyanides. 
Their corresponding acids are call(‘d hydrofcrrocyanic and 
hydroferridcyanic acids. The C(»mmon yellow prussiate of 
potash (page 29.) is the ferrocyanidc of potassium; and the 
red prussiate of potash (page S(\ ) is the ferridcynnide of 
potassium. 

The soluble arc recognised by affording with 

a solution (»f a salt of the peroxide of iron a prceii)itate. of 
Prussian blue, insolu])lc in hydrochloric acid: and with a 
sidution of soiljdiafi of vopper a cluxadate-brown precipitate oi‘ 
feri*oeyaiiide of copper. With a solution of a salt j)rofo.Tiile 
of iron^ a ferrocyanide affords a white or blueisli-white ])re- 
eipitatc, which gradually becomes more blue! f)ii lixposurc to 
the air. Wlien insoluble ferrocyanides are digested in a 
solution of caustic potash, the base of the ferrocyanide is s('- 
parated as an oxide, and fonocyanide of j)otassiimi is formed. 


following mode of applying St heele’s test to the detectioti of cyanogen in 
cyanide of mercury bas iicen pointed out by M. I’resenius. 'J’lie solution of 
cyanide of inereu> > is mixed with liydrochlorie acid and inetallie iron, upon 
which metallic mercury is precipitated, and a solution of hydrocyanic acid and 
protochloride of iron firmcMi. A portion of the latter, when the exeess of 
metallic iron is removed, absorbs oxygen from the air, and gives rise to a salt 
of the peroxide of iron. On the addition, then, of an exeess of alkali, yellow 
prussiate of potash is formed, and oxide of iron jireeipitated ; tlur latter is 
lastly dissolved by applying an excess of hydrochloric acid, when the prussian 
blue appears of its ^jroper colour. 
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The mlnhlcferridcyanides are distinguished by afFoKling a 
precipitate of prussian blue with a solution of a salt of proi- 
oxide of iron ; with a solution of a salt of peroxide of iron, 
they yield no precipitate. Insoluble ferridcyanides are decom- 
posed by caustic potash in the same manner as insoluble ferro- 
cyanides. 

When heated with sulphuric acid, ferrocyanides and ferrid- 
cyanides afford free hydrocyanic acid, which may be distilled 
over and collected in a receiver. 

6. Hydrobuomic Acu) and Bromides. — Pure hydro- 
bromic acid is a colourless gas, possessed of great solubility h , 
water, forming a colourless solution. AVhen hydrobromic 
acid giis is allowed to escape into the air, it produces white 
fumes, through condensing with the aqueous vajjour in the 
air. In their general characters, hydrobromic acid gas, 
the aqueous solution of hydrobromic acid, and the bromides, 
possess considerable resemblance to hydrochloric acid and 
chlorides. 

A solution of free hydrobromic acid, as well as of a bromide, 
is precipitated hy nitrate of silver. (Sec the preceding liable.) 
The precipitate of bromide of silver is distinguished from 
chloride of silver, — 1st, by its feeble yellow tint, which dis- 
appears on the addition of hydrochloric acid, owing to the 
conversion of the bromide into chloride of silver ; and, 2nd, by 
affording, when mixed with hydrochloric acid and chloride of 
lime (bleaching powder), a reddish or yellow liquid containing 
free bromine, which, if concentrated, disengages ruddy fumes 
of bromine on being heated. 

When hydrobromic acid, or a bromide, is placed in contact 
with a powerful oxidizing agent, as free chlorine or hot nitric 
acid*y the mixture becomes yellow or yellowish-red (according 
to its state of concentration), owing to the liberation of 
bromine. If such a mixture is heated, the free bromine passes 
off in the state of ruddy fumes, which may be condensed in 
drops of the same colour. Free hydrobromic acid is decom- 


C(dd nitric acid is nearly without action on bromides. 
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posed in this manner, when warmed with hhacldng powder, 
and yfiWi peroxide of manganese; Jind s(^)lii])le bromides, when 
warmed with both sulphuric acid and peroxide of manganese, 
and also wdth a mixture of hydrochloric acid and bleaching 
powder. 

To distinguish a bromide from a chloride, or hydrobromic 
acid from liydrochloric acid, tJie solution of* the substance may 
either be exposed to a little gaseous chlorine or be mixed with 
an aqueous solution of chlorine, and afterwards agitated with 
some ether (sulphuric ether). After agitation, the ether rises 
to tlie surface, possessed of a yellow or reddish colour when 
bromine is present, having abstracted from the aqueous solu- 
tion all the bromine liberated by the chlorine. When the 
yellow cthcrial solution is mixed with a little caustic potash 
and evaporated to dryness, and the residue heated to redness, 
bnnnide of potassium remains, mixed with the excess of 
caustic potash. This residue may be heated in a tube with 
suljdiuric acid and peroxide of manganese, in order to observe 
the reddish fumes of bromine. 

Solutions of free broinino and free i(KHiie resemble each 
r>tlier in their colour, but these elements are njadily distin- 
guished by their a(!tion on gelatinous starch, which is rendered 
yellow f)y free bromine, but deep blue l>y free iodine. The 
yellow colour of the compound of starch and bromine slowly 
disappears on exposure to the air. 

A solution of chloride of gold has been suggested as a tost 
for hydrobromic acid and alkaline bromides, frc»m its property 
of producing a red tinge when mixed with solutions of these 
bodies, (Dr. G. Wilson.) 

(For a method of distinguishing between a chloride and 
a bromide by means of chromate of potash, see page 142 .) 

7. Hydriouic Auii) AND Iodides. — The physical pro- 
perties of hydriodio acid and soluble iodides bear considerable 
resemblance to those of hydrochloric acid and soluble chlorides, 
and hydrobromic acid and soluble bromides. Iodides which 
are insoluble in water, frequently differ from the correspond- 
ing chlorides in the possession of striking colours. Those 
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ioclidca which are insoluble in water dissolve to a greater or 
less extent in a solution of iodide of potassium. 

Ilydriodic acid and soluble iodides are decomposed by 
several oxidizing agents^ in the same manner as hydrobroiiiic'. 
acid and bromides, iodine being set at liberty. Tlie free 
iodine communicates a yellow or brown colour to the solution, 
according to the degree of concentration of the liquid. When 
such a solution of free iodine is heated, the iodine volatilizes 
completely, in the form of a purple vapour, unless the pro- 
portion of iodine present is very minute, when the colour of‘ 
the vapour is scarcely perceptible. Iodine condenses Irom 
its vapour in crystalline spangles, almost black. When a 
solution of hydriodic acid is cxp<)scd to the air^ oxygen is 
absorbed, and the hydriodic acid decomposed, water being 
formed and iodine liberated. Solutions of iodides, when 
mixed with sulphuric or hydrochloric acid, and exposed to 
the air, become brown from the same cause. Cklorhie and 
nitric acid, immediately liberate iodine from hydriodic acid 
and soluble iodides, even at ordinary tem])craturc‘s. If 
chlorine is apjdicd in excess, it enters into c.ombinat ion with 
the liberated iodine, and the yellow or brown colour deve- 
loped by the first application of chlorine disa])pcars, the 
compound of chlorine and iodine being colourless. Iodine is 
also liberated when an iodide is heated with sulphuric acid 
and peroxide of manganese^ or even with strong sulplmric acid 
only ; in the latter case, sulphurous acid gas is also evolved. 

The precipitate of iodide of silver produced by nitrate of 
silver in a solution of hydriodic acid, or of an alkaline iodide 
(sec the preceding Table), is distinguished from chloride of 
silver by its yellowish tint, and by its very slight degree of 
solubility in ammonia. Iodide of silver blackens on exposure 
to light ; it is not decom})oscd by exposure to a red heat. 

When a solution of protoxide of copper (black oxide) is 
mixed with a solution of an iodide, a whitish precipitate of 
subiodidc of copj)cr is formed, and the solution contains free 
iodine. But if sulphurous acid or a salt of the protoxide of 
iron is also present, the whole of the iodine may be precipi- 
tated as subiodide of copper. A convenient SDlution for this 

L 2 
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purpose is made by dissolving in water one part of crystal- 
lized sulphate of c*op])cr, and two ])arts and a quarter of 
copperas. This solution does not precipitate chlorides or 
bromides, and therefore affords one method of distinguishing 
those salts from iodides. 

When starch mucilaffc (see page 37.) is added to a cold solu- 
tion coiitainiiig/m^ iodine, a blue colour immediately appears, 
owing to the formation of a deep blue compound of starch and 
iodine. If the iodine is present in tolerable quantity, the 
colour is so deep as to appear quite black, and the iodide of 
starch may be precipitated. To produce this blue compound 
with starch, iodine must exist in the free state ; theref ore hy- 
driodic acid and solutions of iodides are not at all affected by 
the application of starch. But if an oxidizing agent, su(‘Ji 
as nitric acid or chlorine, is applied to a mixture of an iodide 
with starch, iodine is immediately set at liberty, and its cha- 
racteristic comportment with starch exhibited. Nitric acid 
is generally a more convenient means of oxidation in such a 
case than chlorine, as the latter, if applied in excess, would 
prevent the action of iodine on the starch, by giving rise to 
the formation of the chloride of iodine. A large excess of 
nitric acid also causes the blue colour of iodide of starch to 
disa])p(iai’ ; tluTcfore that acid should be added by single drops 
to the cold mixture of starch mucilage with the solution 
suspected to contain an iodide.* Chlorine is conveniently 
applied in the form of chlorine water, added in very minute 
quantities at a time ; or a little chlorine gas may be allowed 
to fall upon the surface of the mixture of starch with the 
liquid under examination, from a jar of chlorine water, held 
above the mixture in an inclined position, wthout any of the 
chlorine water being poured out. If chlorine has been 
applied in excess, so as to destroy the blue colour at first 
produced, the blue colour may bo restored by the intro- 
duction of a reducing agent, as protochloride of tin. The 
blue colour of iodide of starch disappears on the application of 

* It is said that by the test of nitric acid and starch, carefully applied, an 
alkaline iodide may be detected in a solution in which it is contained in so 
small a proportiqn^as one part in 4,000,000. 
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heat, of a caustic, alkali, and some deoxidizing agents, as ]>lios- 
phorous acid and sulphurous acid, as well as by an exet‘ss 
of chlorine and nitric acid. The presence of arsenious acid 
Interferes with the starch test for an iodide when chlorine is 
employed to liberate the iodine, but not when nitric acid is 
used for that purpose, (Rose.) It is also to be observed, 
that starch does not detect iodine in a solution of chloride 
of mercury containing iodide of mercury. Protovhloridc of 
palladium has recently been recommended as an exceedingly 
delicate test for a soluble iodide. A solution of this rcajrent 
produces a black precipitate of protiodidc of i)alladium in so- 
lutions of alkaline iodides. (M. Lassaigne.) Bromides alf'ord 
no precipitate with this reagent. 

8. HvDJtosEi.ENic Acid and Skdenitjkets. — llydro- 
sclenic acid, also called seleniurctted hydrogen, is a colourless 
gas, slightly soluble in water, and possessed of an (ixtremcly 
dlsagreeabk' odour, similar to that of sulphuretted hydrogen. 
It is poisonous in a veiy high degree. When ex])os(id to the 
air in solution it is decomposed, oxygen being absorb(‘d, 
water formed, and selenium set at liberty. The lattcjr c.om- 
municates a reddish colour to the solution. Seleniurctted 
hydrogen ])recipitates several metals from their solutions as 
seleniurets, in like manner us sulphuretted hydrogen preci])l- 
tates the same metals as sulphurcts. The ])rcci])itated sele- 
niurets in geiKiial resemlde the corresjjonding sulphun.Ts in 
physical and chemical properties. The blowj)lpe aifords a 
ready and certain means of detecting metallic seleniurets. 
(See the chapter on Blowi)ipe Analysis.) 

9. II YDllOSULPHOCYANIC AciD AND Sc LPJIOCY AN IDES. 
— Free hydrosulphocyanic acid is miscible with water in all 
proportions, forming a solution which possesses a strong acid 
taste. The concentrated acid has a pungent odour, l>ut not 
similar to that of hydrocyanic acid. 

Soluble sulphocyanides are recognised by their property of 
striking a dcicp blood-red colour with a solution of a salt of the 
peroxide of iron, without the formation of a precipitate. 
Solutions of protoxide of iron do not afford a red liquid with 
a solution of a sulphocyanide. The red colqui: of a liquid 
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containing a isulpliocyanide and peroxide of iron is destroyed 
by the introduction of iron filings, aininoiiia, corrosive subli- 
mate, protocliloride of tin, sulphuretted hydrogen, and oxalic, 
iodic, ])hosphoric, and arsenic acids. 

By the peroxide of iron test only, a solution of incconic 
and acetic acids might ])ossibly be confounded with that of 
a sul])hocyanide, as they also strike a red colour witli a 
solution of a salt of the peroxide of iron. By adding to the 
red li(piid some sohdion of corrosive svhlimate, a sulpho(5yanide 
may be readily distinguished iVom an acetate or meconic 
acid ; with the former the colour entirely disappears on tlic 
addition of corrosive sublimate, but the colour of the latter 
remains. 

Solulde sulphocyaTiid(‘s produce a black j)reclpltate in a 
toleraldy sti’ong solution of sulphate of copper ; and in a so- 
lution of tlie red oxide of copper (or of the black oxide of 
copper to wliich some protochloride of tin is added), a white 
j)recipltate of subsuljhocyanide oi* co])per. ddie latter ])re- 
cipitate is formed in dilute solutions. 

10. IlYDROSlJLrilURlC AcfD AND KSuLrilUIlETS. — Thc 
smallest traces of liydrosuljdmnc aeid, also called sidphuretted 
hydrogen, can bo det(*(:ted by the peculiarly disagreeable odour 
of this gas, rer^emlding that of putrid eggs. A jet of sul- 
phuretted hydrogen gas takes fire in the air, on thc aj)proach 
of a lighted ta])er, producing a blue flame, and developing 
the odour of sulphurous acid. A mixture of suljdiuretted 
hydrogen gus and air, or oxygen gas, detonates when 
inflamed. 

When free sulphuretted hydrogc ji, (►r a solution of an 
alkaline or earthy sulphurct, is brought into contact with a 
solution of any salt of lead, capper^ or silver, a blacJv or 
l)rownish-black prccipilate oj jiietallic sulphurct appears. To 
detect sulphuretted hydrogen in thc gaseous state, a strip of 
paper may l)e moisten<‘d with a solutiem of acetate, or, what 
is still more deiicatc, of subacctate of lead, and then held in 
the gas to be examined : ii’ suljdiuretted hydrogen is present, 
the pa])cr becomes brown. Such papers may be dried and 
preserved in ^store ,for use, and applied dry ; but some other 
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soluble comi)ounds of lead and coi)pcr arc not attacked by 
siilpliurctted hydrogen. In the absence of moisture. 

The sulphurets of the bases forming Class I. (page^ 41.) are 
soluble in water, riicse bodies arc recognised l)y their 
solutions disengaging sulphuretted hydrogen gas when mixed 
with hydrochloric a(*.id. When the sulphurct contains an 
excess of sulphur, a milky precipitate of sulj)hur is also ])ro- 
duced on the addition of hydrochloric acid. The precipitate 
may be recognised as sulphur by its combustibility, and by 
developing the odour of sulphurous acid while burning. 

The sulphurets of such bases of Classes II. and III. (pages 
41, 42.) as form sulphurets arc insoluble in water. Some are 
soluble, with decomposition, in hydrochloric acid, and may be 
recognised by the odour of suli)huretted hydrogen then dis- 
engaged. Others are insoluble in hydrochloric acid, but arc 
dissolved by hot nitric acid, the sulphur of the sulphurct l)eing 
thereby converted into sulphuric acid. A few are unacted on 
by boiling nitric acid, but all such sidjdiurcts are decom- 
posed by aqua regia, with conversion of the sulj)liur into 
sulphuric acid. The metallic bases of siiljdiurets are com- 
monly oxidized by nitric acid and aqua regia before the 
sulphur, the latter being set at liberty and dissolved slowly. 

11. IIvnosinjuiuiMC Acid. — Free hyt)osulphuric acid 
is a very unstable com])oimd; when its solution in water is 
ra])ldly cva})oratcd, the acid is resolved into sulphurous acid, 
which is disengaged as a gas. and sidphuric acid, which 
remains in the li([uid. Conqjounds of this acid with bases 
(hyposulphates) undergo an analogous decomposition when 
heated in the dry state, sulphurous acid being evolved, while 
a neutral sulphate remains. In applying this character as a 
test for a hyposulphate, the substance may be heated by a 
st)lrit lamp, in a glass tube scaled at one end. The evolved 
sulphurous acid is recognised by its odour, a-nd the residuary 
sult)hate by a salt of barytes, in the ordinary manner. 

Hyposulphates arc also distinguished from many other 
classes of salts by their general solubility, and by their comport- 
ment with hydrochloric and sulphuric acids. Hi/drochlonc 
acid produces no change in a solution of a hyiwsqlphate in the 
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cold ; but if the mixture is heated, the liyposulphate is decom- 
posed, sulphurous acid is disengaged, and the liquid contains a 
sulphate, as may be ascertained by chloride of barium. In 
this reaction, no deposit of sulphur or any other precipitate 
takes place, unless a base is present which is precipitated by 
sulphuric acid, as barytes, oxide of lead, &c. ITyposulphatcs 
comport with sulphuric acid in a similar manner ; but in this 
case the sulphuric acid formed through the decomposition of 
the liyposulphate cannot of course be detected. Hyposul- 
jihates in solution are not acted on by nitric acid in the 
cold ; Init when the mixture is heated, nitrous vapours are 
evolved, and the hyposulphates arc converted into sulphates. 

The characters ascribed to the salts of sulpho-hyposulphuric 
acid (the trithionic acid of Berzelius, S3 O/j) are the fol- 
lowing : — the sulpho-hyposulphatcs of lime, barytes, stron- 
tlan, magnesia, alumina, oxide of lead, oxide of iron, oxide of 
zinc, oxide of nickel, oxide of cobalt, peroxide of uranium, 
&c., are soluble in water; therefore the application of a 
sulpho-hyposulphate to a solution of any one of these bases 
causes no jjrecipitate. From a solution of the nitrate of sub- 
oxid(' of mercury, a sulpho-hyposulphate precipitates sul- 
jihuret of imaTury ; and from a solution of corrosive subli- 
mate, a ])recipitatc of sulphate of suboxidc of mercury. In a 
solution of nitrate of silver, a sulpho-hyposulphate forms a 
yellow precipitate, which soon becomes black. Free sulpho- 
hyposulj)hurie acid, in solution in water, is subject to slow 
s])ontaneous decomposition, with production of sulphurous 
acid, sulphuric: acid, and free sulphur. (M. Langlois.) 

The sulpho-hyposulphitc of potash, or trithionate of potash, 
when exposed to heat, disengages sulphurous acid and sulphur, 
and leaves a residue of neutral sulphate of potash. The 
aqueous solution of this salt is dccoinj)oscd by suliAuric acid, 
with disengagement ot* sulphurous acid and deposition of 
suljdmr; but hydrochloric acid docs not decompose it. 

( M. Plcssy.) Iodine is without action on the sul|)ho-hypo“ 
sulphates, by which character that class of salts may be 
distinguished from the hyposuliihites. From hyposulphates. 
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they are distinguished by affording a precipitate of sulphur 
when decomi)oscd by sulphuric acid, wliicli hyposulphates 
do not. 

The other sulphur acid of recent discovery, the hisulpho- 
hjposulphuric acid (called by Berzelius tetrathionic add. 
Si O5), is said to possess the following characters. A so- 
lution of the free acid in water is colourless and inodorous, 
and possessed of a strong acid taste ; if weak, it is not de- 
composed by ebullition, but at a certain degree of concen- 
tration it is resolved into sulphur, sulj)huric acid, and sul- 
phurous acid ; it is not altered by sulphuric and hydrochloric 
acids, but nitric acid decomposes it, with separation of 
sulphur. This acid forms soluble salts with most bases, as 
the oxide of zinc, peroxide of iron, oxide of copper, oxide of 
lead, &c. ; it produces white precipitates in solutions of pro- 
tochloride of tin and corrosive sublimate, and black preci- 
pitates in solutions of nitrate of suboxidc of mercury and 
nitrate of silver. (MM. Fordos and Gelis.) 

12. Hyposulpiiukous Acid. — The compounds of hy- 
posulphurous acid with bases (hyposulphites) resemble, in 
many respects, the analogous compounds of the two pr(‘ceding 
acids, sulpho-hyposuli)huric, and bisulpho-hyposulph uric. 
Free hyposulphurous acid spontaneously decomposes into 
sulphurous acid and sulphur ; hence the addition of sulphuric 
or hydrochloric acid to a solution of a hyposulphite determines 
the evolution of sulphurous acid, which is recognised by its 
odour, and a milky precipitate of sulphur. This decom- 
position takes place slowly in the cold, but more rapidly 
at the boiling point. When a solution of a pure hypo- 
sulphite is mixed with hydrochloric acid, and heated, no 
sulphuric acid is found in the liquid ; but if the mixture is 
exposed to the air for some time, it may be found to contain 
a trace of sulphuric acid, through the absorption of oxygen by 
the sulphurous acid. 

The white precipitate produced by nitrate of silver in a 
solution of a hyposulphite (see the Table, page 137.) is hypo- 
sulphite of silver. This precipitate soon .beooiiies yellow, and 
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at length black, in which state it consists of sulphurct of 
silver. 

A solution of a hyposulphite possesses the remarkable 
property of dissolving a considerable quantity of recently 
precipitated chloride of silver, forming a solution which has 
an extremely sweet taste. This solution does not afford a 
deposit of sulphuret of silver by ebullition or long standing. 

A strong solution of chloride of barium produces a white 
precipitate of hyposulphite of barytes in a strong solution 
of a hyposulphite ; but no precipitate is formed unless both 
solutions are concentrated. 

13. Nitric Acid. — Nitric acid forms soluble salts with 
all tlie metallic oxides with which it combines • a few oxides, 
Iiowever, among which are the protoxide of copper (black 
oxide) and oxide of bismuth, form insoluble subnitrates, as 
well as soluble nitrates, containing a larger proportion of 
nitric acid. When exposed to a red heat, nitrates of the 
alkaline bases are decomposed, with disengagement of a 
mixture of oxygen and nitrogen gases ; other nitrates dis- 
engage oxygen, and red fumes of nitrous acid, on being 
strongly heated. As the tests for free nlti’ic acid and nitrates 
are not so delicate as those for most other acids, it is advisable, 
when the sulijcct of examination is a dilute solution, to con- 
centrate it by evaporation. If the liquid contains a free acid, 
this must be carefully neutralized by potash before evapora- 
tion. The dry residue may then be examined for nitric acid 
by the following tests. . 

If mixed with copper or brass filings^ and tliis mixture 
drenched with sulphuric acid slightly diluted (equal measures 
of strong oil of vitriol and water), nitrates disengage nitric 
oxide gas, which immediately on coming in contact witli the 
air gives rise to reddish-brown vapours of nitrous acid. A 
flask or test-tube is a convenient vessel to make use of in this 
experiment. The abseui*/e of nitric acid in the sulphuric acid 
employed for this purpose should be ensured previous to 
testing (sec page 18.), as the oil of vitriol of commerce often 
contains a small quantity of nitric acid. 

When a nitrate is placed in contact with a piece of burning 
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charcoal or other carbonaceous substance, a deflagration takes 
place, that is, the combustion of the charcoal is greatly enli- 
vened around the nitrate, and bright sparks may be projected. 

A mixture ot a nitrate with hydrochloric acid possesses the 
property of dissolving gold when heated ; but hydrochloric 
acid alone does not. Leaf gold should be used in applying 
this character as a test for a nitrate. 

Free nitric acid, and therefore a mixture of a nitrate with 
sulphuric acid, is capable of bleaching a solution of sulphate 
of indigo with the aid of heat. This test is delicate, but not 
very certain, as free chlorine and some other substances also 
decolorize sulphate of indigo. The following test is Avorthy 
of more confidence. 

When a solution of a nitrate is mixed with from oiie-fifth 
to one-third its volume of strong sulphuric acid, and a Anv 
crystals of jirotosulphatc of iron (co])peras) addend to the 
mixture, tiie licpiid surrounding the crystals acquires ti deep 
brown colour. The nitric acid of the nitrate, liberated 
by the sulphuric acid, is resolved into nitric oxide and 
oxygen ; the latter combines with a part of the ])rotoxide of 
iron to form the peroxide of iron, wdiile the nitric oxide 
combines with another portion of protoxide of iron to form 
the brownish-black compound which is the source of colour. 
If the copperas is aj)plicd in too small a quantity, the colour 
may entirely disappear on agitation, the whole of the pro- 
toxide of iron being converted into peroxide of iron, which 
docs not, like the protoxide, form a brown compound with 
nitric oxide. If the solution of the nitrate is dilute, no pro- 
duction of colour may take place till the mixture is heated ; 
but the continued application of heat discharges the brown 
colour. Iodides and bromides also give rise to the pro- 
duction of a purplish or brownish colour with the above test ; 
but this disappears on the application of a large excess of 
protosulphate of iron, while the colour produced by nitric 
acid docs not. (Schweitzer.) 

The following test for nitric acid, recommended by M. 
Berth emot, is said to detect the presence of that acid, wlicn 
mixed with 10,000 times its volume of pther liquid. About 
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half a drachm, by measure, of concentrated sulphuric acid, free 
from nitric acid, is poured into a test-glass, and mixed with 
a little (a few dro])s merely) of the liquid under examination. 
A particle of brucine is then added to the mixture, and the 
whole well stirred. If nitric acid is ])rescnt, the liquid pre- 
sently becomes red, and afterwards yellow ; but if no nitric 
acid exists in the mixture, the brucine does not dissolve. 

Nitrates may be distinguished from the salts of nearly all 
other inorganic acids, by affording no preci])itjite cither with 
chloride of barium or nitrate of silv er. Chlorates, however, 
resemble nitrates in this respect, and also in the property of 
deflagrating with burning charcoal, in that of bleaching 
sulphate of indigo in the presence of free sulphuric acid, and 
in that of dissolving gold in the presence of hydrochloric acid. 
Nitrates may, however, be distinguished from chlorates with 
certainty by the test of sulphuri(5 acid and copper filings, and 
by that of sulj^huric acid and copperas. To discover a 
chlorfite in the ])resence of a nitrate, the substance should be 
heated to redness, whereby the chlorate becomes converted 
to a chloride, which may be detected in the solution of the 
calcined mass by nitrate of silver, some free nitric acid being 
also added. 

14. Njtkotjs Acid. — Free nitrous acid, in the gaseous 
state, is recognised by its peculiar reddish-brown colour. 
This acid undergoes a partial decomposition by contact with 
water. 

Comj)Ounds of nitrous acid with bases, that is, nitrites, are 
distinguished from other classes of salts by the I'ollowing 
characters: — 1. Solutions of nitrites of the alkalies and of 
the alkaline earths affect test-papers as a free alkali. 2. 
Nitrites are decomposed by sulphuric and most other acids 
(even acetic), with liberation of nitrous acid, which is imme- 
diately resolved into nitric acid and nitric oxide : the latter 
is a colourless gas, which becomes reddish brown by contact 
with air or oxygen gas, owing to the formation of nitrous 
acid or peroxide of nitrogen. 3. When a solution of a 
nitrite is boiled gently in a retort, nitric oxide gtis is dis- 
engaged, and a nitrate remains in the retort. 
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Nitrites do not, like nitrates, possess the ])ro]K'rty of 
dissolving gold-leaf when mixed and heated with liydro- 
chloric acid. (p. 155.) 

15. Percjtloric Acid. — Free perchloric acid is very 
soluble in water, fusildc at a very moderate lieat, and volatik*, 
at a high temperature. In a highly concentrated stat(‘, it 
is decomposed by strortfj sulphuric acid with the aid of heat, 
clilorinc and oxygen gas being disengaged. I>ut free per- 
chloric acid is not decom])oscd by ht/drochlordc aetdy sul- 
phurous ncid^ sulphuretted hydrogen^ or alcohol; by which 
characters it may be distinguislied from free chloric acid. 

All perchlorates dissolve freely in water, cxex‘])1 the j)cr- 
chlorates of potash and ammonia ; thcrclbre metallic solutions 
afford no preciiiitate with solutions containing a j>erchlorat,e. 
'^riie perchlorate of j)otasli is scarcely at all soluble'- in water, 
and is insoluble in alcohol ; hence a salt of potash may 1)0 
used as a ])re(;i 2 )ltant for perchloric acid, as well as 2 )erchloric 
acid for ])otash. (j). 49.) 

Perchlorates deflagrate with combustibles in the same 
manner as nitrates and chlorates ; and the 2 )crchlorates of the 
alkalies and alkaline earths, like the corres 2 )()nding (dilorat(;s, 
are converted into chlorides by cx 2 ) 0 sure to a red heat, with 
disengagement of oxygen gas. 

Perchlorates are distinguished from chlorates (the only 
salts with which they arc easily conl'ounded) by not l)oing 
decomposed, in the cold, by hydrochloric acid or sulphuric 
acid. Chlorates, when in concentrated solution, ac( 2 uire a 
yellow colour and evolve a yellow gas on being mixed with 
cither of these acids. 
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PART III. 

SYSTEMATIC aUALITATIVE ANALYSIS. 
rRELIMINARY OPERATIONS. 

The performance of a satisfactory qualitative analysis of n 
complex substance by the aid of the description of tlio 
chemical characters of bodies contained in the preceding 
chapters, would be a matter of some difficulty in its present 
arrangement. But the same information, presented in a 
different form, will now be applied as the basis of a systematic 
course of qualitative analysis, simple, and easy of execution. 
Instead of apjdying each reagent successively, the method 
adopted in examining the composition of single or mixed 
bodies consists in determining the presence or absence of 
certain classes of substances by the ajqdication of a single 
test for each class; these classes can be divided and sul)- 
divided by other tests, and the subdivisions examined for 
their individual members. A particular class of metals is, 
for instance, precipitated by sulphuretted hydrogen ; by the 
behaviour of this class with hydrosulphate of ammonia, it 
admits of a farther division, some of the metals precipitated 
by sulphuretted hydrogen being soluble, the remainder in- 
soluble, in that liquid ; thus affording two divisions, each of 
which, if both are found to exist, is then examined for its 
individual members. 

The advantage of this method of procedure arises from its 
being, in general, as easy to discover a class as a particular 
body ; and the absence of a class being demonstrated, it *s 
of course unnecessary to examine by other tests for any 
particular member. The principal feature in this system is, 
therefore, that of exclusion ; on the application of a test, 
hydrosulphate of ammonia, for example,, whcii we perceive 

M 
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none of the appearances which that test should produce with 
certain metals, we reject these as absent from the combina- 
tion. We thus have a negative result; but to prove the 
absence of particular substances is in itself just as important 
in qualitative analysis as to demonstrate their presence. 

A substance may occasionally be presented for examina- 
tion, whose composition can be very well ascertained by the 
application of two or three rcagcA.ts , but it is advisable, and 
will mostly, in the end, be found more satisfactory, especially 
when we are not assured of the purity of the substance 
under examination, to follow some general rule, or particular 
system, rather than to try the eflPcct of a reagent at random, 
from some vague idea we had before entertained of the 
composition of the substance. Such systems are developed 
in the following tables, wdiere, it will be seen, classes are 
formed, divided, subdivided, and, if necessary, divided fur- 
ther, characters being d(^scribcd by which the particular 
membci’s of each subdivision are distinguished from one 
another. 

Preliminary examination of non-^metallic solids* — An ex- 
amination of the physical characters of a substance must 
always precede its analysis. It is of importance to know its 
density, volatility, eornbustibility, and solubility. The action 
of heat on the substance should be particularly investigated. 
With this view, the body may be submitted in the first place 
to a complete course of blowpipe experiments, as described 
in the latter part of the chapter on blowpipe analysis, but 
mure especially to the first operation, (heating in a glass 
tube closed at one end,) and to the operation of being heated 
on charcoal in the reducing flame. 

Whether the substance is submitted to a complete course 
of blowpipe experiments or not, it is always necessary to 
ascertain if any organic matter is present, before proceeding 
to determine the inorganic constituents, since organic matters 
materially affect the behaviour of many metals with reagents, 
as is stated in the preceding chapters. Almost all fixed 
organic bodies possess the property of becoming blackened or 
carbonized by- being heated out of contact with the air. To 
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discover organic matter, therefore, a small portion of the 
substance should be heated in a glass tube, free from leiul, 
when, in general, blackening will occur, and an cmjw- 
rcumatic odour be developed, if organic matter is present. 
The tube should be lield slightly inclined, and be heated by 
a spirit lamp. 

There arc, however, v few inorganic bodies which become 
black on being heated • anc, on the contrary, some organic 
l)odies which do not blacker:. But there is another character 
of organic b< :hes, which er with the blackening by heat, 
may be consldenvl decisive. This is the property they all 
possess of deflagrating when thrown into fused nitre ; a pro- 
perty possessed, too, by a few inorganic bodies, but by none 
which also blacken on being heated. The two tests con- 
joined are therefore conclusive. 

By the same operation of heating in a tube to discover 
organic matter, we ascertain whether the substance contains 
water. If so, this condenses on the sides of the glass tube 
before tlic heat is sufficient to carbonize the substance. If 
the condensed water is alkaline, this shows the presence of 
ammonia. 

If organic matter is present, and the object of the analysis 
is merely to discover the fixed bases, and not the acids of the 
substance, it should be destroyed by combustion in the open 
air, either in a platinum or a porcelain * crucible, uncovered, 
heated very strongly by a spirit lamp with circular wick, 
or by the inflammable mixture of gas and air described 
page 10- 

Aftcr having ascertained the action of heat on the sulistancc 
under examination, that of solvents must next be determined. 
Water, hydrochloric acid, nitric acid and aejua regia, arc the 
liquids generally used as solvents in chemical analysis. 
According to their solubility in certain liquids, all substances 
admit of classification, which is taken advantage of in quali- 
tative analysis ; it is to be borne in mind, howe^ cr, that in 

* When the substance can contain metals reducible by charcoal, and which 
would alloy with platinum at a red heat, a porcelain crucible must he used ; 
in other cases platinum is preferable. 
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many cases, such classification is not exact, or ratlicr not of 
easy application, owing to the very slight degree of solubility 
of some substances in certain liquids, which would induce 
beginners to pronounce such substances insoluble in the 
liquids in question. This is the case with sulphate of lime 
and water for example. 

The first liquid whose solvent power on the substance is 
to be examined is pure distilled water. For this purpose a 
portion of the substance, in fine powder, is mixed with eight 
or ten times its bulk of water in a flask or basin, to which, 
if complete solution does not soon take place, heat may be 
applied, in order to bring the water to the boiling point. If 
the substance completely dissolves in water, the solution is 
(examined according to the course prescribed in Section I. of 
the following Chapter (page lfi8.), or in Section 1. of Chaj). 
II. (page 184.) 

If the substance is not entirely, but partially, soluble in 
water, the a(]ueous solution is separated by filtration from the; 
liiulissolvcd residue, which is subjected to the action of acid 
solvents, and the solution is further examined as if the 
substance had been wholly soluble. To ascertain whether 
the water has dissolved any portion of the substance, a drop 
of the filtered water is evaporated upon a piece of clean 
platinum foil : if no residue appears, the substance is entirely 
insoluble in water. The original substance, if entirely inso- 
luble in water, or the portion undissolved by water, if it is 
})artia]ly soluble, is then digested, first in hydrochloric acid, 
secondly in nitric acid, or, thirdly, in aqua regia, until it 
dissolves entirely, or leaves only a slight residue, which 
must be collected and examined in other ways. The solvent 
power of hydrochloric acid, cold and hot, should always be 
tried first. The greater number of substances which are in- 
sohd)le in water but soluble in acids, do not dissolve in acids 
without decomposition, and with many classes of bodies, 
during such decomposition, certain appearances are presented 
which alford an indication of the nature of the substance 
under examimation. Thus effervescence of an inodorous gas 
indicates the presence of carbonates ; when hydrochloric acid 
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is the solvent, the disengagement of sulphuretted liydrogvn 
evidences the presence of a certain class of sulphuix'ts ; tlio 
disengagement of hydrocyanic acid, that of cyanides ; tlie 
disengagement of chlorine, that of peroxides, &c. Adds 
frequently leave insoluble residues, which have been formed 
by their action on the substance to be dissolved, and did not 
therefore pre-exist in the substance under examination in 
the form in which they arc separated : these may be easily 
distinguished in appearance from the original substance ; 
thus silica remains as a jelly when some silicates arc treated 
witli acids ; sulphur when suljdmrets, and selenium when 
seleniurcts are acted on by nitric acid. In the last two 
cases, 8ul])hur and selenium arc slowly dissolved by tlie 
further action of the acid, sulphuric and sclenic acids being 
formed. The acid solution of the substance, wlnither hy- 
drochloric acid, nitric acid, or aqua regia is employed, is then 
examined according to the course prescribed in Section 1 1., 
Chap. II. 

The course of qualitative analysis of the substances in- 
soluble in water and in hydrochloric acid, nitric acid, and 
aqua regia is described in Section III., Chapter I. (page 181.), 
where a single acid and a single base is supposed to be the 
subject of experiment ; and that of a mixture of such bodies 
in Section III. Cha]). II. The substances whicli are iii- 
solubhi in acids (as is the case with most silicates) may 
generally be rendered soluble by fusion with an alkaline 
carbonate. This operation consists, 1. in reducing the sul)- 
stance to a state of extremely minute division in an agate 
mortar ; 2. mixing with twice or thrice its weight of ])ure 
carbonate of soda or potash ; and 3. fusing the mixture in a 
covered platinum crucible. The resulting mass is then treated 
with.pure hydrochloric or nitric acid, and is in almost every case 
dissolved, leaving, in the case of silicates, a gelatinous residue 
of silicic acid. (Sec the Analysis of Silicates for details of 
this operation.) When fusion with carbonate of soda is in- 
adequate, caustic potash (jwtassa fus(i) is to be substituted, 
and the fusion performed with care in a silver instead of a 
jdatinum crucible. 
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Metals and metallic alloys, — Nitric acid is the most im- 
portant solvent for a metal or a metallic alloy. Most metals 
are completely dissolved by this acid, being converted into 
nitrates ; antimony and tin are oxidized by this acid without 
solution, and platinum, gold, and a few other metals arc not 
altered by it. If the metal is converted by hot nitric acid 
into a white powder, which docs not dissolve on the addition 
of water, this powder is examined before the blowpipe for 
antimony and tin ; if the metal or a portion of it remains 
unacted on, this residue is digested in aqua regia, which very 
rarely fails to produce complete solution. The solution, 
whether obtained by nitric acid or aqua regia, is examined 
according to the course i)rescribcd in Section II. Chap. I., or 
Section II. Chap. II. 

Liquids, — If the liquid contains any solid body in solution 
(which is ascertained by evaporating a drop to dryness on a 
piece of clean platinum foil) and docs not affect test-paper in 
the manner of an acid, it is examined according to the mode 
prescribed for substances soluble in water. But if the liquid 
has an acid reaction, it may be examined as containing a 
substance insoluble in water but soluble in acids. It is to 
be observed, however, that the acid reaction may not 2)roceed 
from a free acid, but from a metallic salt of neutral constitu- 
tion, in which case the liquid may be examined as containing 
a substance soluble in water. If the acid reaction proceeds 
entirely from a metallic salt of neutral constitution, a portion 
of the liquid becomes turbid when mixed with a very minute 
quantity of an alkaline liquid, which turbidity generally re- 
mains after agitation. But if a free acid is present, the 
turbidity disappears on agitation. If alcohol, ether, or other 
organic liquid appears to be present, it should be got rid of 
l)y evaporation to dryness, and the dry residue be then 
digested in water, or, if necessary, in an acid. 

The following chapter contains directions for the qualita- 
tive analysis of a salt consisting only of a single acid and a 
single base, comprising all those which arc of ordinary occur- 
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rencc : with such, rather than with complex substances, the 
beginner will do well to exercise himself. 

Kespccting the quantity of matter to be operated on, it 
will be found more convenient to work with small than with 
large amounts ; from ten to twenty grains will be sufHeient 
in almost every case. A small quantity must always be re- 
served, in case of accidents, or to examine the action of any 
special test. 


LIST OF BASES TO BE SOUGHT FOIL 


' Antimony, oxide of | 

" Alumina 

Bismuth, oxide of 

Chromium, oxide of 

Cadmium, oxide of 

Cobalt, oxide of 

Copper, protoxide of Class II. 

Iron, protoxide of 

Gold, oxide of 

Manf^anese, protoxide of 

Iron, peroxide of 

Nickel, oxide of 

Lead, oxide of 

^ Zinc, oxide of. 

Mercury, protoxide of 1 

^Barytes 

Mercury, suboxide of ' 

Lime 

Silver, oxide of 

Magnesia 

Tin, peroxide of class III J 

L 1 in, protoxide of. 

Strontian 

Ammonia 

Lithia 

Potash 


L Soda. 


LIST OF ACIDS TO BE SOUGHT. 


Arsenic and arsenious 

Boracic 

Carbonic 

Chloric 

Hydrochloric (or chlorine) 
Hydrofluoric (or fluorine) 
Hydriodic (or iodine) 


Hydrosidphuric (or sulphur) 

Iodic 

Nitric 

Phosphoric 

Silicic 

Sulphuric 

Sulphurous. 
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CHAPTER I. 


QUALITATIVE ANALYSIS OF A SALT SUrPOSED TO CONSIST 
OF A SINGLE ACID AND A SINGLE BASE, CONTAINED IN 
THE PRECEDING LIST. 


SECTION I. 

yUALITATIVK ANALYSIS OF A SALT SOLUBLE IN WATER, SUPrOSEl) tO 
CONTAIN ONE AC11> AND ONE BASE. 


(A). Detection of the Base. 

Tiiio first operations in the qualitative examination of a 
substance for its base have for their object the assignment of 
llic base to one of tlie three classes in the preceding list. 
Class I, is precipitated by sulphuretted hydrogen from a 
solution containing a free acid ; Class II. is not precipitated 
by sulphuretted hydrogen from an acid solution, but it is by 
hydrosulphate of ammonia from a neutral solution ; Class III. 
is not precipitated either by sulphuretted hydrogen or hydro- 
sulj'hate of ammonia. In acidifying the solution by hydro- 
chloric acid, previous to the application of sulphuretted 
liydrogen, the presence or absence of oxide of silver, suboxidc 
of mercury, and, if the solution is tolerably strong, of pro- 
toxide of lead, is determined. The course of operation is tlie 
following. 

1. Render a portion of the aqueous solution of the sub- 
stance perceptibly acid by the addition of a little hydrocliloric 
acid. 

The production of a white precipitate by hydrochloric acid in- 
dicates tlie presence of either oxide of silver, suboxide of mercury, or 
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protoxide of lead. To one portion of the mixture of the precipitate 
with the liquid^ add an excess of ammonia : if the precipitate is redis- 
solved, the base is silver, (page 97.) ; if the precipitate is blackened 
by ammonia, but not dissolved, the base is suhoxide of mercury, 

92.) ; if the precipitate is unaltered by ammonia, the base is protoxide 
of lead (page 91*)» which case the precipitate produced by hydro- 
chloric acid completely dissolves when warmed with a considerable 
quantity of water. If the solution of the substance under examination 
is dilute, lead may be present, and yet no precipitate be produced by 
liydrochloric acid. 

2. If no precipitate is produced by the application of 
hydrochloric acid, pass sulphuretted hydrogen gas through the 
acidified liquid, or add sulphuretted hydrogen water to it. 

If a precipitate is produced in the acidified liquid by sulphuretted 
hydrogen, it consists of the sulphuret of one of the following metals : 
Cadmium Mercury (two sulphurets) 

Lead Gold 

Bismuth Tin (two sulphurets) 

Copper Antimony 

Silver 

together with sulidmr, caused by a persalt of iron, and sulphuret of 
arsenic from arsenious or arsenic acid. 

a. If the colour of the precipitated sulphuret is blacky or brownish 
blacky the base may be one of the following : 

1. Protoxide of lead. — To discover the presence of lead, apjdy to 
the original solution the tests of sulphuric acid and chromate of potash 
(page 91.). 

2. Oxide of bismuth. — If bismuth is present, the saturated solution 
of the substance becomes milky on dilution with water, and the milki- 
ness is not removed by the application of tartaric 'icid (pages 8.5, 80*. ). 
It is scarcely possible, however, for bismuth to be present in a solution 
containing no free acid. 

3. Protoxide of copper. — To discover the presence of protoxide of 
copper, apply to the original solution the tests of ammonia (in excess) and 
yellow prussiate of potash (pages 78, 88.). 

4. Oxide of gold. — Apply to the original solution protochloride of 
tin, mixed with a little perchloride of tin (page 89.) 

5. Protoxide of tin. — To discover this oxide, add perchloride of 
gol<l to the original solution (page 98«)' 

6*. Protoxide of mercury. — Apply the tests, caustic potash (page 
80.), and iodide of potassium (pages 98, 9^*) to the original solution ; 
and try the blowpipe test for mercury on the dry substance. 

7. Suboxide of mercury, and 

8. Oxide of silver, also afford black precipitates of sulphurets with 
sulphuretted hydrogen, but the presence or absence of these oxides has 
already been determined by the application of hydrochloric acid, at the 
commencement of the examiiiaiion. 
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6. If the colour of the precipitated sulphuret is orange-red, the base 
may be ; 

9. Oxide of antimony, — Filter and dry the precipitated sulphuret, 
and then dissolve it in hot hydrochloric acid ; evaporate off most of the 
excess of acid, and pour the remaining solution into water ; if the base 
is antimony, a white precipitate of basic chloride is formed (page 85.). 

c. If the colour of the precipitate produced by sulphuretted hydrogen 
is yellow or milk-white, the base may be oxide of cadmium, peroxide of 
tin or peroxide of iron ; or one of the acids of arsenic may be present. 

1 0. Oxide of cadmium, — This oxide is recognised by its neutral 
solution affording, with hydrosulphate of ammonia, a yellow precipitate 
insoluble in excess of hydrosulphate of ammonia. 

11. Peroxide of tin, — If the base is peroxide of tin, the yellow 
precipitate produced by sulphuretted hydrogen is soluble in hydrosul- 
phate of ammonia, and does not volatilize when heated before the blow- 
pipc. 

Arsenious and arsenic acids, — These acids are detected in the course 
of the examination for the base. The yellow precipitates which their 
solutions afford with sulphuretted hydrogen are soluble in hydrOsulphate 
of ammonia, and volatilize at a high temperature. The presence of 
arsenic in the precipitate should be confirmed by the blowpipe test ; 
and in the original solution by sulphate of copper (pp. 105. IO7.), and 
also by nitrate of silver (p. 100.), which affords the means of distin- 
guishing between arsenious acid and arsenic acid. 

12. Peroxide of iron, — The precipitate produced by sulphuretted 

hydrogen when peroxide of iron is the base is nothing more than 
sulphur, the cause of formation of which, in such circumstances, is ex- 
plained in the note, page 41 . If peroxide of iron is the base, the yellow 
prussiate of potash produces in the original solution a precipitate of 
Prussian blue (page 67«)> prussiate produces a similar pre- 

cipitate in the solution which has been exposed to sulphuretted hy- 
drogen, but not in the original solution (page 6*8.). 

3. If sulphuretted hydrogen causes no precipitate in the 
acidified solution of the substance, add to the same liquid, 
first animonia, until the hydrochloric acid present is neu- 
tralized, and then some hydrosulphate of ammonia ; or else, 
add to the original solution first, muriate of ammonia, and 
then, hydrosulphate of ammonia. 

If no precipitate is produced by sulphuretted hydrogen in the acidi- 
fied solution, but one is produced by hydrosulphate of ammonia in a 
neutral or alkaline liquid containing muriate of ammonia, the base is 
then one of Class II, (page 167-) 

a. If the colour of the precipitate produced by hydrosulphate of 
ammonia is black, the base is either oxide of nickel, oxide of cobalt, or 
protoxide of iron. 
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1. Oxide of nickel. — The original solution gives an apple-green pre- 
cipitate with a solution of carbonate of potash, and a similar precipitate 
with caustic potash. With ammonia, it gives a green precipitate, 
soluble in excess of ammonia, and re-precipitated from die ammoniacal 
solution by potash. 

2. Oxide of cobalt. — Carbonate of soda produces in the original 
solution, a dull red precipitate, which becomes blue by boiling the 
liquid. As a confirmatory test, potash may be applied to the original 
solution (see the comportment of potash with solution of cobalt, page 
56’.) ; and a small fragment of the solid under examination may be 
fused with borax before the blowpipe. (See the chapter on Blowpipe 
Analysis.) 

3. Protoxide of iron. — Carbonate of soda produces a greenish pre- 
cipitate, which becomes reddish on exposure to the air. Apply the red 
prussiate of potash to the original solution (page 68.). 

h. If the precipitate produced by hydrosulphate of ammonia has a 
dull green colour, the base is : 

4. Oxide of chromium. — The presence of oxide of chromium is then 
confirmed by applying potash to the original solution (see page .56.). 
The substance should also be examined before the blowpipe. (See ihi! 
cliaptcr on Blowpipe Analysis.) 

e. If the precipitate produced by hydrosulphate of ammonia has a 
flesh-colour, the base is : 

5. Protoxide of manganese- — Potash is applied to the solution of 
the substance as a confirmatory test (sec page 58.), and the substance 
itself should be examined before the blowpipe with microcosmic salt. 
(See the chapter on Blowpipe Analysis.) 

d. If the precipitate produced by hydrosulphate of ammonia is white, 
the base is either alumina or oxide of zinc. 

6. Alumina. — If the base is alumina, the original solution affords 
with ammonia a white gelatinous precipitate, insoluble in excess of 
ammonia, but soluble in caustic potash. 

7. Oxide of xine. — If the base is oxide of zinc, the original solution 
gives a white precipitate with ammonia, soluble in excess of ammonia, 
as well as in caustic potash. The solution of oxide of zinc in caustic 
potash affords a white precipitate with sulphuretted hydrogen, which 
is not the case with the potash solutions of alumina and oxide of 
chromium. 

4. If neither sulphuretted hydrogen nor hydrosulphate of 
ammonia produecs a precipitate, the base is one of Class III. 
(page 167.) To a portion of the original solution, rather dilute, 
add a solution of carbonate of soda. 

If a precipitate is produced by carbonate of soda, and none by 
hydrosulphatc of ammonia, the base is either barytas; lime, strontian, 
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or magnesia. If the solution of the substance is very strong, and not 
somewhat diluted as above directed, a precipitate of carbonate of lithia 
may be gradually produced. This does not occur, however, in a 
moderately dilute liquid. 

1. To a portion of the original solution in a concentrated state add 
sulphuric acid. If no precipitate appears the base is magnesia. This 
result is confirmed by applying to a portion of the original solution the 
test of phosphate of soda with ammonia (page 54.). 

2. To another portion of the original solution, add a solution of sul- 
phate of lime : if a precipitate appears immediately, the base is barytes. 

3. If solution of sulphate of lime produces in the concentrated 
original solution a precipitate after the lapse of a quarter of a hour, but 
none at first, the base is strontian. This indication of the presence of 
strontian is confirmed by exposing the substance to the alcohol flame 
(page r>3.). 

4. If solution of sulphate of lime produces no precipitate after the 
lapse of a quarter of an hour, but a strong solution of sulphate of soda 
does in the concentrated original solution, the base is lime. This result 
is confirmed by adding oxalate of ammonia to the original solution in a 
diluted state. 

5. If carbonate of soda produces no precipitate in the 
slightly diluted solution, the base is cither potash, soda, 
ammonia, or lithia, 

1. Ammonia. — The test of potash is first applied to the original 
solution (page 51.). 

2. Potash. — After the absence of ammonia has been proved, test 
the original solution for potash with tartaric acid and chloride of pla- 
tinum (page 48.). 

3. lAthia. — To detect the presence of lithia, apply to the concen- 
trated solution of the substance the tests, carbonate of soda and phos- 
phate of soda with ammonia ; and observe the action of the dry sub- 
stance on flame (page 50.). 

4. Soda. — The original solution is tcisted with antimoniate of potash 
(page 49 .), and the dry substance is exposed to the blowpipe flame or 
alcolud flame (page 50.). 

(Ij). Detection of the Acid contained in a single salt, soluble in 
icater, the acid being one mentioned in the list, page 167. 

After having determined the nature of the base, that of 
the acid may generally be ascertained by a very small number 
of experiments, as the most j)art of bases form combinations 
soluble in water with comparatively a small number of acids. 
Potash, soda, lithia, and ammonia, are the only bases which 
form compounds soluble in water with all the acids mentioned 
at page 167. The only acids, therefore, which need be sought 
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arc those which form salts soluble in water with the l)asc 
which has been already detected. 

1. Mix a portion of the solid under examination with some 
dilute sulphuric acid (made by mixing one measure of oil of 
vitriol with two or three measures of water). If effervescence 
occurs, the acid is either carbonic, sulpliurous, or hydro- 
sulphuric. If the mixture has a brown tinge, hydriodic acid 
may be present. 

1. Carbonic amd, — The gas evolved on the application of sulphuric 
acid is inodorous, and when passed through lime-water produces a white 
precipitate of carbonate of lime, which dissolves when an excess of gas 
is passed through the liquid (see page 122.). 

2. SnlphurouH avid, — The gas disengaged by sulphuric acid has the 
pungent smell of burning sulphur. This indication of the presence of 
suljjhurous acid is confirmed by the application of iodic acid and starch 
(see page 133.). 

3. Hydromlphuric acid or sulphuretted hydrogen. — The evolved gas 
has a strong foetid odour, and blackens a piece of paper impregnated 
with a salt of lead (page 150.). 

If the mixture of the solid under examination with dilute sulphuric 
acid has a brown tinge, which gradually deepens on exposure to the air, 
the acid may be : 

4. Hydriodic acid, or iodine in combination with one of the metallic 
bases of the oxides mentioned at page IGJ. I'his indication is confirmed 
by applying starch to the mixture of the substance with nitric acid (see 
page 148.). 

2. If sulphuric acid produces neither effervescence nor a 
brown tinge owing to the llbenitlon of iodine, add a solution 
of chloride of barium to a portion of the solution of the sub- 
stance under examination in a neutral and concentrated state. 
If the solution of the substance has an acid reaction, it intiy 
be neutralized by ammonia ; if an alkaline, by dilute nitric 
acid.* The acids which may be precipitated by chloride of 
barium are sulphuric, silicic, phosphoric, arsenic, boracic, 
hydrofluoric, and iodic. 

1. Sulphuric acid.-— If the precipitate produced by chloride of barium 
is neither dissolved nor altered in appearance by hydrochloric acid, not 
even on the application of heat, the acid is sulphuric (see page 132.). 

< If no other acid is afterwards detected in such a c^e but nitric acid, tlie 
neutralization is elfected by suli>huric acid, and nitric acid then sought. 
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2. StBeic add, — If the acid in question is silicic, the precipitate 
produced by chloride of barium is either completely dissolved by 
hydrochloric acid, or else is principally dissolved, some white flakes only 
remaining undissolved, which disappear on largely diluting a portion of 
the mixture with water. Evaporate the other portion of the mixture 
with hydrochloric acid to dryness, and treat the residue with hydro- 
chloric acid and water. If a light white powder remains undissolved, the 
acid is silicic. This result should be confirmed by the blowpipe test for 
silicic acid (see page 131., and the chapter on Blowpipe Analysis). 

3. Phosphoric acid, — After having proved the absence of silicic 
acid, to discover phosphoric acid, apply the tests, nitrate of silver and 
a salt of magnesia with ammonia (page 127.)* 

4. Arsenic acid, — This acid, as well as arsenious acid, has already 
been detected, if present, in the course of the examination for the base. 

5. Boracic acid, — The property possessed by free boracic acid of 
tinging the flame of alcohol green is applied as the test for boracic acid, 
in the manner described at page 122., when the boracic acid is in com., 
bination with a base. Borate of barytes is not precipitated from dilute 
solutions, therefore the absence of boracic acid is not to be inferred from 
no precipitate being produced in the original solution by chloride of 
barium. Ammoiiiacal salts also prevent the precipitation of borate of 
barytes. 

()• Hydrofluoric ncid, or fluorine in combination with one of the 
'metallic bases o f the alkalies mentioned at page 1 6*7. — The action of free 
hydrofluoric acid on glass is taken advantage of as the best test for a 
fluoride. (See page 124. for the manner of applying this character as 
a test.) 

7. Iodic acid. — To discover either free iodic acid or an iodate, apply 
the test of sulphurous acid and starch, described at page 125. 

3. If the absence of the preceding acids has been proved, 
add a solution of nitrate of silver to the original solution, in a 
neutral state, or acidified with nitric acid. The production of 
a precipitate indicates the presence of either hydrochloric acid 
or hydriodric acid. 

1 . Hydrochloric acid or chlorine, — The precipitate produced by 
niaate of silver is white, and dissolves with ease in ammonia (page 140.). 

2. Hydriodic acid or iodine, — The precipitate produced by nitrate 
of silver has a yellowish tinge, and is nearly insoluble in ammonia. 
This acid, if present, has already been detected (page 173 .). 

4. If neither chloride of barium nor nitrate of silver pro- 
duces any precipitate in the solution of the substance, the 
acid is either nitric or chloric. Both dry nitrates and dry 
chlorates deflagrate when placed on a piece of burning 
charcoal. 
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1. Nitric acid. — To detect nitric acid, apply the tests of suliihuric 
acid with copper filings, and sulphuric acid with protosulphate of iron 
(page 155.). 

2. Chloric acid . — To detect chloric acid, add oil of vitriol to the 
dry salt ; a yellow vapour (peroxide of chlorine) is evolved, which 
bleaches vegetable colouring matters. 


SECTION IL 

Q17ALITATIVR ANALYSIS OP A SUBSTANCE SUPPf>SEI> TO CONSIST OP ONE 
AOIU AND ONE BASE (contained IN THE LIST AT PAGE 1 INSOLUBLE, 

OR BUT SLIGHTLY SOLUBLE IN WATER, BUT SOLUBLE IN HYDROCHLORIC 
ACID, NITRIC ACID, OR AQUA REGIA. 


(A). Detection of the Base. 


The principal substances which belong to this class arc 
arscniatcs, borates, carbonates, sulphurcts, phosjihates, anti 
silicates of nearly all the bases in the list at page 167., except- 
ing potash, soda, and ammonia. For the manner of obtaining 
solutions of such substances, sec the remarks introductory to 
the present chapter (page. 164.). 

1. A portion of the solution of the substance in an acid is 
largtdy diluted with water : if the solution becomes milky, 
oxide of antimony or oxide of bismuth may be j^resent. 

1 . Oxide of antimony. — On adding tartaric acid to the milky liquid, 
the inilkiness disajipears, if the base is oxide of antimony. 

2. Oxide of hismuth. — If the inilkiness does not disappear by the 
addition of tartaric acid, but does by that of acetic acid, the base is 
oxide of bismuth. 

As, however, the oxides of antimony and bismuth might not be pre- 
cipitated by dilution with water in all cases, they are likewise to be re- 
garded in the subsequent examination, supposing no precipitate to occur 
on dilution with water. 


2. The diluted solution is either exposed to sulphuretted 
hydrogen gas, or mixed with sulphuretted hydrogen water. 

If a black sulphuret appears, the base is one of the following : 


1 . Protoxide of lead 

2. Oxide of hismuth 
‘I. Protoxide of copper 

4. Oxide of gold 

5. Protoxide of tin 

6. Protoxide of mercury 

7. Suhoxide of mercury, and 

8. Oxide of silver, are not soluble in hydrechlorio icid 


For the detection of these oxides 
^apply the tests mentioned in the 
preceding section, page 169- 


Suboxide 
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of mercury dissolves in aqua regia with conversion into the protoxide of 
mercury, and an excess of strong nitric acid produces the same change. 
If the base is either suboxide of mercury or oxide of silver, a white 
precipitate is produced on adding hydrochloric acid to the nitric acid 
solution : on applying an excess of ammonia to such a mixture, the 
precipitate becomes black, if the base is suboxide of mercury, and 
completely dissolves, if the base is oxide of silver. 

If an orangc-red precipitate is produced by sulphuretted hydrogen, 
the base is 

9 . Oxide of antimony, — Confirm this result by the experiment de- 
scribed at page 1 70. 

If sulphuretted hydrogen produces a yellow or milk-white precipitate, 
the base may be oxide of cadmium, peroxide of tin, or peroxide of iron ; 
or one of the acids of arsenic may be present. The yellow precipitate 
may also consist of nothing more than sulphur, produced from the sul- 
phuretted hydrogen by the action of certain acids which may be present 
in the solution, among which acids are nitric, iodic, bromic, sulphurous, 
and chromic, and free chlorine or aqua regia. 

1. Oxide of cadmium, and 

2. Peroxide of tin, — Add ammonia to a portion of the original 
solution, until the whole of the free acid is neutralised, and then apply 
hydrosulphate of ammonia. If a yellow precipitate appears, insoluble in 
a large excess of hydrosulphate of ammonia, the base is oxide of cad- 
mium. But if the yellow precipitate dissolves on the application of an 
excess of the hydrosulphate, and does not volatilize when heated before 
the blowpipe, the base is peroxide of tin. 

S, Peroxide of iron, — (See the preceding Section, page 170.) 

Arsenious and arsenic acids, — The precipitate of sulphuret of 
arsenic produced from arsenious or arsenic acid by sulphuretted hy- 
drogen in an acid solution, volatilizes completely when heated before 
the blowpipe, is soluble in ammonia, and may be re-precipitated from 
the ammoniacal solution by hydrochloric acid. The existence of arsenic 
in the precipitated sulphuret should be confirmed by the process de- 
scribed at page 108. 

If the precipitate produced by sulphuretted hydrogen is yellow, and 
very fusible and inflammable (burning with a blue flame), if it vo- 
latilizes completely, and does not dissolve in ammonia, it is merely 
sulphur, and the whole of the base still remains in solution. 

3. If sulphuretted hydrogen produces no precipitate, or 
nothing more than a precipitate of sulphur, a portion of the 
acid solution is supersaturated with ammonia, and then mixed 
with hydrosulphate of ammonia. 

If a Ijldch precipitate appears, the base is either oxide of nickel, oxide 
oj cobalt, or protoxide of iron. Apply the blowpipe tests for these 
oxides, and also the tests mentioned at page I 7 I. 
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If a greenish precipitate is produced by ammonia and liydro- 
sulphate of ammonia, oxide of chromium may be present. Ap])ly tin* 
blowpipe test for this oxide. Fusion with carbonate of soda and nitre 
is the most certain means of detecting the presence of oxide of chromium 
(page 65.). 

If hydrosulphate of ammonia produces in the ammoniacal liquid a 
flesh-colour precipitate, or if ammonia produces a precipitate which 
acquires a flesh colour on the application of hydrosulphate of ammonia, 
the base h protoxide of tnnnganese. Apply the blowpipe test for man- 
ganese. 

In the case of a substance soluble in water, no other white precipitate 
would be produced (in this stage of the examination), by ammonia and 
hydrosulphate of ammonia, but alumina or siilphurct of zinc. Hut if 
the substance is insoluble in water, the precipitate might likewise con- 
tain one of the alkaline earths (magnesia, lime, strontian, or barytes,) 
united with phosphoric, boracic, oxalic, or arsenic acid. It might also 
contain silicic acid ; for which reason it is advisable to apply to the acid 
solution of the substance the special test for silicic acid (page l.'ll.), and 
if that acid is found to be present, to remove it by evaporation to dry- 
ness, re-solution in dilute acid and filtration, before proceeding to ex- 
amine for the substances above mentioned. 

After having thus separated the silicic acid, and ascertained that a 
white precipitate is produced, when, first ammonia, and then hydro- 
sulphate of ammonia, are added to the solution, another portion of the 
solution is supersaturated with caustic potash. If the white precipitate 
at first produced completely redissolves in an excess of j)Otash, the base 
is either oxide of inline or alumina. If oxide of zinc, the potash solution 
affords a white, precipitate of sulphuretof zinc by sulphuretted hydrogen. 
If alumina, the potash solution affords a wdiite precipitate of alumina 
when mixed with muriate of ammonia, but no precipitate with sul- 
phuretted hydrogen. Whether an indication is thus obtained of 
oxide of zinc or of alumina, the result should be confirmed by heat- 
ing the substance before the blowpipe with a solution of nitrate of 
cobalt. (See the chapter on Blowpipe Analysis.) 

If potash does not redissolve the precipitate, the latter may consist of 
either lime, magnesia, strontian, or barytes, in combination with phos- 
phoric, arsenic, boracic, or oxalic acid : or it may consist of fluorine in 
combination with the metallic basis of one of the above earths. 

To a portion of the original solution add a solution of sulphate of 
lime. If a white precipitate appears immediately, the base is barytes ; 
if no white precipitate appears at first, but one falls after the lapse of 
a quarter of a hour, the base is strontian. The presence or absence of 
strontian should be confirmed by exposing the substance to the flame 
of alcohol (page 53.). 

After the absence of barytes and strontian has been proved, add first 
sulphuric acid, and afterwards alcohol, to the concentrated solution of 
of the substance. If a white precipitate appears, the base is lime. If 
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no precipitate is formed, the base is magncHia, This result is confirmed 
by heating the substance before the blowpipe with a solution of nitrate 
of cobalt. (See the chapter on Blowpipe Analysis.) 

Note, — More satisfactory results may sometimes be obtained, par- 
ticularly when phosphoric acid is present, by applying to the solution of 
the substance (after having ascertained that it contains an alkaline earth 
in combination with one of the acids above mentioned), first, a solution 
of perchloride of iron, and afterwards ammonia, till an alkaline reaction 
appears. The mixture is then filtered, to separate the oxide or phos- 
phate of iron from the liquid, and the latter is concentrated and ex- 
amined for the alkaline earths in the manner described at page 172. 

4. If neither ammonia nor hydrosulpliate of ammonia pro- 
duces any precipitate, mix a portion of the solution of tlie 
substance with an excess of carbonate of potash. Tf a pre- 
cipitate appears, either immediately or after ebullition, tlic 
base is cither lime, barytes, strontian, or magnesia. 

Other portions of the original liquid are tlion neutralized, and tested 
for these earths in the manner described at page 172. 

5. The only bases wliich remain to be souglit are th('. 
alkalies, but the only acid in the list at page 1 07., wlii(*li would 
form with an alkali a salt of difficult solubility in water, is 
silicic acid, and that only when present in large excess. 
Therefore, unless silicic acid is jn’estnit in largt^ proportion, 
it is useless to search for alkalies. The acid solution, how- 
ever, may be evaporated to dryness, and the residue re- 
dissolved in water, and exainincd for the fixed alkalies by tlie 
tests mentioned at page 172. 


(B). Detection of the Acid contained in a ainrjle snlt^ insoluble 
in wateVy hut soluble in acids, the acid beimj one of those 
mentioned in the list, pojje 167. 

Arsenic and arsenious acids have already been detected, if 
present, in the course of the examination for the base. Chloric 
acid is never found in substances insoluble in water. 

1. If eftervcsccnce occurs when the substance is dissolved in 
hydrochloric acid, the acid may be carbonic or sulj)hurous, or 
the substance may be a sulphuret of one of the metals of 
Class II. (page 167.) In the latter cas<;, the gas disengaged 
by hydrochloric acid is sulphuretted hydrogen. 
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See the manner of clistinguishinj^ between carbonic acid, sulphurous 
acid, and sulphuretted hydrogen, described at page 173. 

2. If lnsolul>le in liydnxdiloric acid, a j)ortl{)n of llu*, 
2 )owdcrod sid)stan(*c is next Jicated witii imi-c nitrie aeid. 

Sulphur, — The disengagement of ruddy fumes, and the separation 
of a yellow powder, which dissolves or aggregates into little lumps as the 
action proceeds, are indications of the presence of a siilphuret. If the 
clear nitric acid solution gives a white precipitate with chloride of barium, 
which does not disappear on the addition of a large quantity of water, 
the substance is a sulphuret. 

3. The dry substance is mixed and heated witli concen- 
trated sulphuric acid. 

1. Iodine, — If the substance is an iodide, vajronrs of iodine are then 
disengaged, and are recognised by their violet colour, and by their 
action on starch mucilage, which may be placed upon a piece oi’ white 
]>ap€?r and suspended over the mixture. A glass test-tube may be con- 
veniently used in this experiment. 

2. Fluorine, — The disengagement of a va])onr wliich corrodes glass 
when the substance is heated with concentrated sulphuric acid is an 
evidence oF the j)resence of fluorine. To <letect fluorine, the mixture 
of the substance with sulphuric acid should be contained in a ])latinum 
crucible, wliich is covered with a glass plate, prepared as described at 
page 124. 

3. Boracio acid, — - To cliscover the jirescnce of boracic acid, add 
alcohol to the mixture of the substance with sulphuric acid, after 
being heated ; if the substance is a borate, the alcohol burns with a 
green flame (see page 122.). 

4. Kvnporate a ])ortl()ii of the clear acid solution to 
and digest the residue in hot hydrochloric acid. 

Silicic, acid. — If a white iuboluhle residue appears, the substance may 
be a silicate. Examine this residue by the blowpipe test for silicic 
acid. 

5. The hydrochloric acid solution obtained in the last ex- 
periment is mixed with a few drops of a solution of chloride 
of barium. 

Sulphuric acid. — The production of a white precipitate, which does 
not disappear on dilution with pure water, proves the presence of a sul- 
phate. 

6. Phosphoric acAd, — If the base of the substance under 
examination is an oxide of Class I. p. 167. (already^ ascertained 
in the examination for the base), pass sultdnireitcd hydrogen 
through the original solution to saturation, filter, and to one 
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portion of the filtered liquid add excess of ammonia and a 
solution of magnesia. The formation of a white crystalline 
precipitate, insoluble in solution of muriate of ammonia, is an 
indication of the presence of phosphoric acid. Another portion 
of the filtered liquid is boiled to expel sulphuretted hydrogen, 
exactly neutralized with ammonia, and tested for phosphoric 
acid with nitrate of silver. (See page 127.) But if it has been 
ascertained that the base is one of Class II. p. 1 67., or one of the 
alkaline earths, the presence or absence of ])hosplioric acid is 
determined by the successive application of pcrchloride of iron, 
ammonia, and hydrosulphate of ammonia, then filtering, and 
testing the filtered liquid with a solution of magnesia. (See the 
dcscrij^tion of this test for phosphoric acid at pp. 127, 128.) * 

7. Chlorine. — The clear solution of the substance in nitric 
acid is mixed with a little nitrate of silver. If a white curdy 
precipitate is thereby formed, whhJi dissolves comjdctely in 
ammonia, and fuses without decomposition when heated in a 
porcelain capsule by a spirit lamp, the substance is a chloride. 
If the substance is insoluble in nitric acid, it should be boiled 
with a pure solution of potash, and the liquid, after filtration 
and supersaturation with nitric acid, should be tested for 
chlorine with nitrate of silver. (Sec page 141.) 

8, The only acids in the list, which remain to be sought, 
arc iodic and nitric. The presence of one of these is indi- 
cated by the appearance of deflagration when a fragment of 
the substance is placed on a piece of burning charcoal. If a 
deflagration is perceived, the substance is further examined 
as follows : — 

1. Nitric acid. — The substance is heated in a tube with a mixture 
of equal volumes of oil of vitrol and water, and a few copper filings. If 

* The detection of phosphoric acid, when combined with alumina, is rather 
more difficult. Tlie comportment of phosphate of alumina with most reagents 
is precisely the same as that of alumina ; so that the remarks in the preceding 
and following section, on the detection of alumina, apply also to phosphate of 
alumina. To detect the phosphoric acid in this compound, the process of 
M. Fuchs for its quantitative analysis (described under the head of Phosphorus) 
may be followed: or the substance may be dissolved in a small quantity of 
hydrochloric acid, the solution mixed with a tolerably large quantity of tartaric 
acid, and then supersaturated with ammonia. In tlie presence of tartaric acid, 
phosphate of alumina is not precipitated by ammonia ; but if a solution of a salt 
of magnesia is added to that ammoniacal liquid, a precipitate of ammonio- 
phosphate of magnesia is produced. (M. Fresenius.) 
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nitric acid is present, red vapours of nitrous acid are perceived. Almost 
the only compounds of nitric acid insoluble in water, are subnitrate of 
copper, and subnitrate of bismuth. AVhen these substances are heated, 
rutldy vapours of nitrous acid are disengaged. 

2. Iodic acid. — To discover the presence of iodic acid, the substance 
is heated in a glass test-tube, and if violet vapours of iodine are not then 
disengaged, the residue is tested for iodine, by being heated with con- 
centrated sulphuric acid, as before described. (See page 147. and also 
page 125.) 


SECTION 111. 

QUALITATIVE ANALYSIS OF A SUBSTANCE SUPPOSED TO CONSIST OF 
ONE ACID AND ONE BASE (CONTAINED IN THE LIST, PACE lO*?.), IN- 
SOLUBLE, OR BUT SLIGHTLY SOLUBLE, IN WATER AND ACIDS. 


The substances to be considered under this head are tlie 
Ibllowlng : — siilpluites of barytes, letid, lime, and strontlan ; 
cliloride of silver, silica, and some silicates ; some acid arsc- 
niates, after having been strongly calcined ; and tlie insolulile 
modifications of peroxide of tin, peroxide of iron, and oxide of 
chromium. If we arc acquainted witli the physical characters 
of all these substam^es, a few sim])le experiments will suffice 
for tlie detection of the body under examination ; l)ut if not, 
a systematic course of experiments must be performed, much 
resembling tliat detailed in the preceding section. 

1. The substance, in fine powder, is mixed with three or 
four times its weight of carbonate of potash or soda; tlie 
mixture is placed in a platinum* crucible, and maintained at 
a temperature sufficiently high for fusion, for lialf an hour. 
Wlien cold, the mass is reduced to powder, and digested in 
hot water, and the solution is filtered. 

The aqueous solution which passes through the filter contains a com- 
bination of potash or soda with the acid previously contained in the 

* If the substance possesses the characters of chloride of silver, a crucible of 
porcelain must he substituted for one of platinum, (diloridc of silver is fusible 
in the flame of the ordinary spirit lamps, and is blackened by hydrosulphate of 
ammonia. If the substance is supposed lo be sulphate of lead (which is also 
blackened l)y hydrosuli>hatc of ammonia), the absence of all organic matter 
must be carefully secured by calcination in a vessel of porcelain, else the 
platinum crucible may be destroyed. 
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insoluble substance, together with the excess of alkaline carbonate, and 
in a few cases some caustic alkali. It may also contain a little chromic 
acid, if oxide of chromium was present in the original substance, and 
likewise some peroxide of tin. 

1 . Oxide of chromium. — The presence of chromic acid in the aqueous 
solution is at once perceived by its yellow colour. As confirmatory tests 
apply sulphuric acid in excess to a portion of the liquid, to ascertain 
whether it acquires an orange colour ; and boil another portion with 
liydrochloric acid and alcohol. (See page 115.) The chromic acid, in 
such a case, is probably derived from the insoluble modification of oxide 
of chromium, a portion of wliich was converted into chromic acid by the 
oxygen of the air, under the influence of the alkaline carbonate, but tlie 
greater i)art of which may be found upon the filter as a green powder. 

^2. Silicic acid. — A portion of the aqueous solution is mixed with 
exc^ess of hydrochloric acid, and evaporated to dryness : if the dry rt'si- 
due does not completely dissolve in water or dilute hydrochloric acid, 
silicic acid is present. If fusion with an alkaline carbonate rendered the 
original substance wholly soluble in water, the substance under examin- 
ation is silicic acid ; but if an insoluble residue is left, the substance may 
have been a silicate of some base. 

3. Sulphuric acid, and 

4. Chlorine. — Two other portions of the aqueous solution are super- 
saturated with nitric acid, and tested, one for suljdniric acid, and the 
other for chlorine, in the usual way, that is, with a salt of barytes and a 
salt of silver, (pp. 132. 141.) 

5. Peroxide of tin, and 

(). Arsenic acid. — If the solution after supersaturation with hydro- 
chloric acid gives a yellow precipitate with sulphuretted hydrogen, either 
peroxide of tin or arsenic acid may be present. Another portion of the 
solution su]>ersaturated with hydrochloric acid, is mixed with ammonia 
in excess : if a white precipitate appears, peroxide of tin is present ; but 
if no })recipitate appears, arsenic acid is present. These results should 
be confirmed by blowpipe exj)eriments, both on the original substance 
and on the yellow precipitate produced by sulphuretted hytlrogen. (Sec 
the chapter on Blowpipe Analysis, and also p. 108.) 

The portion of the fused mass insoluble in water, and now on the 
filter, must be well washed with pure water before it is subjected to 
further examination. If it has the appearance of a metallic globule, 
it may be silver, the original substance being chloride of silver. To de- 
termine this point, the metallic globule is dissolved in nitric acid, and 
subjected to the usual test for silver, namely, hydrochloric acid. (See 
page 97.) 

If the substance on the filter is a green powder, it may be oxide of 
Oiromium, in which case chromic acid has already been detected in the 
alkaline solution. As a further confirmation of this result, a little of 
the green powder may be heated before the blowpipe with borax. (See 
the chapter on Blowpipe Analysis.) 

If the substance on the filter is neither metallic silver nor oxide of 
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cliromiuin^ it is dissolved in hydrochloric or weak nitric acid, alter 
liaving been well washed, and the solution is treated with sulphuretted 
hydrogen, hydrosulphate of ammonia. See., precisely according to the 
course prescribed in the ))receding Section. 'J'he base most likely to he 
present in the nitric acid solution, is either barytes, lime, lead, strontian, 
or peroxide of tin. 

2. If the substance is not rendered soluble in Avater or acids 
by fusion with carlionate of ]>otasli or soda, it should next lx*, 
;subj(^cted to the action of caustic potasli (pokrssa fusa), in a 
similar manner, a crucilile of silver lieing sulistituted for one 
of platinum. The temperature, in this cast?, should not hi^ 
allowed to rise above dull redness, to avoid the risk of melting; 
the crucible. The resulting mass is digested in Avtitiu', and 
treated in the same manner as if an alkaline carbonate had 
been employed, instead of a caustic alkali. 

3. Peroxide of iron is sometimes met with in nature in a 
state insoluble in acids, and not capable of 1 icing reiuhu-ed 
soluble in acids by calcination with an alkali. ITtlic substanc.e 
under examination is of this nature, and resembles native per- 
oxide of iron in ajipearaiice, it may be mixed Avith jiowdered 
(diarcoal, and the mixture strongly heated in a Hessian crucible. 
The oxide of iron is thereby reduced to the state of metallic 
iron, Avhich may be dissolved by hydrochloric acid. The ])re- 
sence of iron is tlien detected in the liydroclilorie solution 
})y the usual tests, aiimionia (page 59.), and the ]>russiatcs of 
jiotasli. (jip. 67, 68.) 
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CHAPTER II. 

QtlAIil TATIVE ANALYSIS OE A OOMPOUNI) WHICH MAY 
CONTAIN ALl. THE BASES AND ACIDS IN THE LIST, 
PAGE 167 . 

SECTION I. 

QUALITATIVE ANALYSIS OF A COMPLEX SUBSTANCE SOLUBLE IN WATER^ 
THE CONSTITUENTS OF WHICH ARE INCLUDED IN THE LIST AT 
PAGE 167. 

With coinjilcx substances, tlic examination is to be conducted 
us if the coiupound really contained all the ingredients of 
wliieli it rniglit possibly be composed ; and when a reagent 
does not produce a j)recipltate, the solution is then to be 
treated In the same manner as if a ])rccipilate bad been 
formed, and separated from the liquid by filtration. It is of 
the highest importance, in the qualitative analysis of mixed 
bodies, that every reagent which is found to produce a pre- 
cipitate be applied in sufiScient quantity to throw down 
completely the whole of the substance it is capable of j)ro- 
ei])itating, otherwise the action of tlie remaining reagents will 
be materially interfered with. 

Frequent advantage will be taken of a tabular method of 
( xhibiting at one view the course of an analvvsis, by means of 
brackets, under the opposite arms of which will be mentioned 
the two results which are commonly afforded by the api)lica- 
tioii of a reagent, namely, the precipitate and the remaining 
solution. The precipitate is mentioned at the left-hand, and 
the remaining solution at the right-hand arm of the bracket. 
In the analysis of mixed compounds, the precipitate and the 
solution are generally separated by filtration, and each exa- 
mined apart by other tests, the results which can be j)roduccd 
by these being, as before, mentioned under the opposite arms 
of brackets. 
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(A). Detection of Bases, 

For determining the bases contained in a complex substance, 
most of the operations are performed upon the same quantity 
of the original solution, instead of upon several small portions, 
as recommended when the subject of examination is supposed 
to consist of only one acid and one base. The quantity of 
material to operate upon should therefore not be very incon- 
siderable ; but, in general, only a small portion need be re- 
served for special tests for bases. Enough must be kept, 
however, for the detection of the acids of the substance. 

1. To the aqueous solution of the substance, add a small 
quantity of hydrochloric acid. If a precipitate api)cars, con- 
tinue the addition of the hydrochloric acid, until a precipitate 
is no longer formed, and the liquid has a decided acid reaction, 
and then filter the mixture. 

a. If the liquid does not exhale the odour of sulphuretted hydrogen, 
on the addition of hydrochloric acid, the precipitate produced by hydro- 
chloric acid may consist of chloride of silver, chloride of lead, and suh^ 
chloride of 7ner cur tj, I'lie liqui<l which first passes through the filter 
is preserved for further operations, and the precipitate on the filter is well 
washed with water. As chloride of lead is slightly soluble in water, it 
may be removed by washing ; but the quantity of lead remaining in the 
liquid which first passes through the filter is sufficient for the subse- 
quent detection of that metal. The precipitate on the filter is washed 
with ammonia, so long as any portion of it is dissolved by that liquid. 


Chloride of lead remains unaltered by ammo- 
nia, but subchloride of mercury is converted 
into the insoluble black suboxide of mercury. 

If the precipitate on the filter, therefore, 
changes from white to black or grey by the 
application of ammonia, the presence of 
suboxide of mercury may be inferred ; but 
if it did not darken in colour by ammonia, 
it consists of chloride of lead. If the pre- 
sence of silver has been detected, wash 
away the ammoniacal liquid from the pre- 
cipitate on the filter completely, then con- 
tinue the washing, and test the liquid 
which passes through the filter for lead by 
sulphuretted hydrogen, (page 79*) 
h. If the liquid exhales the odour of sulphuretted hydrogen on 
the addition of hydrochloric acid, and yields a precipitate at the same 
time (in which case the original liquid would have an all^aline reaction) 


Chloride of silver, if 
present, is dis- 
solved by the am- 
monia, and may 
be reprecipitated 
from this ammo- 
niacal solution by 
nitric acid. If an 
excess of nitric 
acid j)roduces no 
precipitate, silver 
is not present. 
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the precipitate may consist of sulpliur from an alkaline })ersulphuret, 
together with the sulpliurets of tin, gold, antimony and arsenic ; in whicdi 
case, the substance under examination contains doulde sulphur salts, or 
soluble combinations of the above metallic sulphurets with alkaline or 
earthy sulphurets. Excepting in the presence of arsenic, such a mixture 
as this is, in fact, supposed to be obtained in a subsequent part of the 
examination, by treating the ju'ccipitate produced by sulphuretted hy- 
drogen with hydrosulpliate of ammonia or potash ; and the remaining 
steps of the analysis arc the same in both cases, the intermediate operation 
of exposure to sulphuretted hydrogen being neglected. The presence of 
araemv. in the precipitate produced by hydrocbioric acid must, however, 
be determined by the reduction-test described at page 108. Alumina 
and oxide of cliromium should also be sought in the liquid by the usual 
tests (pp. 0*4, 65.), after supersaturation with hydrochloric acid. 

2 . Tlirougli the solution ucidified by liy drool done .‘u*id, and 
filtered, if a precij)itate was produced by bydrochloric acid, 
sulphuretted hydrogen gas is next passed, until the liquid 
smells strongly of sulphuretted hydrogen, after agitation. If 
a prcei])ltatc is produced, pass the liquid through a filter, and 
reserve it for suliscxiucnt O 2 )eratlons (3.), aud wash tlie })reci- 
2 )itate on the filter with water, until all soluble matter is 
removed. 

The precipitate produced by suljihurettcd hydrogen is either sulphuret 
of arsenic only (produced from arsenious or arsenic acid), in which case 
its colour is clear yellow, or it may contain all the sulphurets correspond- 
ing to the oxides of (dass 1. (p. l6*7.), together with sulphur produced 
from the decomposition of sulphuretted hydrogen by peroxide of iron. 

a. If tlie colour of the precipitate produced by sul])huretted hodrogen 
is clear yellow, a portion of it is dried and subjected to the reduction- 
test for iU'senic described at J)age 108. If arsenic is found to be present, 
no bases except the alkalies need be sought for, since the compounds of 
all other bases with the acids of arsenic are not freely soluble in waU^r : 
the liltered liquid is then evaporated to dryness, and tested for the alka- 
lies in the usual way. (page 191 .) 

5. If a yellow precipitate is produced by sulphuretted hydrogen which 
»i<»es not contain arsenic, which fuses at a moderate lieat, burns with a 
blue flame, aud volatilizes without residue, the precipitate is nothing 
more than sulphur (see the note at page 41.), and the jjrecq)itate need 
be examined no further. 

c. If the colour of the precipitate produced by sulphuretted hydrogen 
is not clear yellow, but black, brown, or orange, or if it is yellowish, but 
has been found to contain no arsenic, or something besides sulphur, it is 
subjected to the course of operations noted in the following Table ; — 
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3. After exposure to sulphuretted hydrogen, and filtration 
(if a precipitate was thereby produced), the liquid is treated in 
the following manner. To a small portion of it, ammonia is 
first added, until the liquid is slightly alkaline to test-paper, 
and then hydrosul|)hate of ammonia is applied. The forma- 
tion of a precipitate indicates the presence of one or more of 
the bases in Class II. (page 167.) If a precipitate is produced, 
the whole of the liquid is treated in the same way, some 
muriate of ammonia being added, if only a very little free 
hydrochloric acid is present. The mixture is then thrown 
upon a filter, the ])rccipitate washed and further examined as 
follows : — 

After being well washed, the precipitate is digested in weak aqua 
regia, with the aid of heat. IVlien the solution is complete, or nothing 
more than sulphur remains undissolved, the liquid is diluted, filtered if 
necessary, and a portion of it is then mixed with excess of ammonia. 

a. If a precipitate is thereby produced, the whole of the liquid is mixed 
with excess of ammonia, warmed and thrown upon a filter. If much of 
the acid had been previously expelled by evaporation, it is necessary 
to add some muriate of ammonia to the solution before adding 
ammonia. The precipitate on the filter is well washed with water ; 
it may consist of peroxide of iron, oxide of chromium, and alumina, 
lledissolvc the precipitate in a little hydrochloric acid, and to that 
solution add an excess of cold caustic potash. 


Oxide of chromium and alumina are 
dissolved. If oxide of chromium 
is present, the solution has a 
green tinge. On boiling tbe li- 
quid for a considerable time, 
oxide of chromium is precipitated, 
and may be recognised by its 
blowpipe characters. 

If alumina is present, the solution 
filtered from the precipitate of 
oxide of chromium gives a pre- 
cipitate of alumina when mixed 
with an excess of muriate of am- 
monia. 

h. If a precipitate is produced by ammonia in the acid solution of 
the sulphurets, the liquid filtered from tliat precipitate is mixed with 
hydrosulphate of ammonia till no further precipitate appears ; the 
precipitate thus produced is collected on a filter, well washed, and dis- 


Per oxide of iron remains un- 
dissolved ; redissolve it in 
hydrochloric acid and test 
the solution with yellow 
priissiate of potash, (page 67.) 
To ascertain whether the 
original solution contains 
iron in the state of peroxide 
or protoxiile, or both, apply 
to it the tests of yellow and 
red })russiates of potash, (pp. 

67 , 68 .) 



QUALITATIVE ANALYSIS. 


189 


solved in aqua regia. The subsequent treatment of this'solution is pre- 
cisely the same as that of the portion of the acid solution of the siil- 
phurets not mixed with ammonia, when that alkali was found to produce 
no precipitate in the acid solution. The metals which may be present in 
either case are, manganese, zinc, cobalt, and nickel. The solution is 
mixed with an excess of caustic potash, the mixture heated, and if 
necessary filtered. 


Oxides of manganese, cobalt, and nickel may re- 
main undissolved. Wash the precipitate well 
with water, and then digest it with heat, in a 
mixture of ammonia and carbonate of ammonia. 

A 

Oxide of zinc 
may be dis- 
solved. Sul- 
phuretted 
hydrogen 

r 

\ 

Oxide of mian- 

The ammoniacal solution may 

causes a 

ganese re- 

contain cobalt and nickel. 

wliite preci- 

mains undis- 

Evaporate the solution to 

tate of sul- 

solved. Con- 

dryness, and test a portion 

phuret of 

firm this in- 

of the residue for cohalt be- 

zinc, if that 

dication of 

fore the blowpipe with borax. 

metal is pre- 

the presence 

To the remainder of the 

sent. Con- 

of manga- 

dry mass add a little hy- 

firm the re- 

nese by the 

drochloric acid, again eva- 

sult by heat- 

blowpipe 

porate to get rid of most of 

ing either the 

tests for that 

the excess of acid, redissolvc 

precipitate or 

metal. 

the residue in water, and 

a portion of 


add to the solution cyanide 

the original 


of potassium, until the pre- 

substance 


cipitate at first formed is 

with carbo- 


completely re-dissolved. If 

nate of soda 


nickel present, this solution 

on charcoal. 


affords a precipitate when 

before the 


mixed and heated with dilute 
sulphuric acid. The pre- 
cipitate, however, may be 
produced very slowly. (See 
the description of such a 

blowpipe. 


process as this for the quan- 
titative separation of cobalt 
from nickel.) 



4. The next subject for examination is the liquid filtered 
from tlic precipitate produced by hydrosulphate of ammonia ; 
or if that reagent produced no precipitate, the portion of the 
liquid filtered from the precipitate produced by sulphuretted 
hydrogen, which was not mixed with hydrosulphate of am- 
monia. This liquid may contain the bases in Class III. 
(p. 167.) 
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After having ascertained that the liquid does contain some fixed base 
in solution (by evaporating a few drops to dryness, on a piece of plati- 
num foil, and heating the residue to retlness), the liquid is boiled to 
expel sulphuretted hydrogen, being first, however, mixed with a slight 
excess of hydrochloric acid when it contains hydrosulphate of ammonia. 

Having been boiled until the odour of sulphuretted hydrogen is no 
longer perceptible, the liquid is mixed with muriate of ammonia (unless 
that salt has already been formed in the liquid by the decomposition of 
hydrosulphate of ammonia by hydrochloric acid, in which case its addi- 
tion is unnecessary), and with a mixture of carbonate of ammonia and 
caustic ammonia. This mixture is boiled for some time, and if a pre- 
cipitate is produced, filtered. 

a. The precipitate may consist of lime, barytes, and strontian. Dis- 
solve it in as small a quantity as possible of hydrochloric acid, and divide 
the solution into three portions : — 

1. To one portion of the solution add sulphate of soda so long as a 
precipitate is produced, and then filter. If the filtered liquid, after being 
neutralized with ammonia, gives a precipitate with oxalate of ammonia, 
lime is present. 

2. To another portion add a solution of sulphate of lime : if a bn~ 
mediate precipitate appears, barytes is present. 

3. The other portion of the hydrochloric solution is evaporated to 
dryness, and the residue treated with strong alcohol. The alcoholic 
liquid, which may contain both strontian and lime, is filtered, if it leaves 
anything undissolved, and a few drops are inflamed on the extremity of 
a glass rod. The presence of strontian is indicaterl by the crimson co- 
lour of the flame, and should always be confirmed l)y evaporating the 
remainder of the alcoholic liquid to dryness, dissolving the residue in 
water, and mixing it with a solution of sulphate of lime, which should 
slowly produce a precipitate of sulphate of strontian (page 52). 
Lime and strontian are also conveniently distinguished from each other 
by oxalic acid. The first addition of that acid to a solution of lime and 
strontian produces a mixed precipitate of oxalate of lime and oxalate of 
strontian ; but on apjdying an excess of oxalic acid, the latter is dis- 
solved, while the former remains undissolved. 7'he presence of 
strontian is detected in the liquid, after filtration, by the application of 
sulphate of soda. 

b. The arnmoniacal liquid, filtered from the precipitate of lime, stron- 
tian, and barytes, may contain magnesia, potash, soda, and lithia. Be- 
fore proceeding with the examination of this liquid, however, it is advis- 
able to ascertain whether the whole of the barytes, strontian, and lime 
is removed from it, by testing one small portion with oxalate of ammonia, 
and another with sulphate of soda : if either of these reagents produces 
a precipitate, the remainder of the arnmoniacal liquid is boiled with a 
fresh addition of carbonate of ammonia and ammonia. 

To a small portion of the filtered arnmoniacal liquid, which should not 
be very strong, a solution of phosphate of soda is added, and the mixture 
is well stirred. If a precipitate appears, maynesia is present ; in which 
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case, the subsequent operations for the detection of the fixed alkiilit's 
are as follow : — 

The remainder of the ammoniacal liquid (that not mixed with phos- 
phate of soda) is evaporated to dryness, and the residue heated to redness 
in a porcelain or platinum crucible. 'Jdie mass is then re-dissolved in a 
small quantity of water, and mixed with a strong solution of eitlier suL 
phuret of barium or caustic barytes. After a short dig(*stion, pour tlie 
mixture upon a filter. 



- ^ ^ 

Sulphuric acid is added to the filtered liquid, in order 
to remove all tlie barytes; the liquid is boiled, 
filtered, and then evaporated to dryness. The re- 
sidue is calcined, re-dissolved in water, and tlie 
solution is divided into four jiortions, which are 
tested for the fixed alkalies, thus : 

1. One portion is tested for pota.sh with excess of 
tartaric acid, and another for the same alkali with 
chloride of platinum, (page 18.) 

2. Another ]>(>rtioii is tested for /.ifhfa with phos- 
pliate of soda and ammonia, (page 50.) Soluble 
salts of lithia communicate a crimson colour to 
flame. 

3. 'rbo other portion is tested for iOf/o by the anti- 

moniate of potash, (page 4.0.) ^ frw drops are 

evaporated to dryness, and the residue tested lor 
sofla by the blo’wpipe flame, to which they commu- 
nicate a strong yellow colour. 

If the phosphate of soda test indicates the absence of magnesia in the 
above ammoniacal liquid (that filtered from the pn'cipitate of lime, 
strontian, and barytes), the application of siilpliuret of barium or caustic 
barytes is unnecessary. The liquid is then simply evaporated to dry- 
ness, the residue calcined, rcdissolved in water, and tested for the three 
fixed alkalies as above. 

5. The only liiisc in tlic list wliicli is not detcioted in the 
preceding course ol* operations is ammonia, Thci jiivscnce of 
this alkali is discovered by applying caustic jtotash in excess 
to the original solution, and gently warming tlie mixture, on 
which the odour of ammonia is disengaged il that alkali is 
present. To detect small traces of free ammonia, a piece of 
moistened red litmus, or a glass rod moistened with hydro- 
chloric acid, may be held over the mixture. The former 
acipiires a blue colour, wliicb vauisbes on gently warming 
the jiaper: the latter givt:s rise to white fumes, consisting 
of muriate of ammonia. 


Mdijnesia is 
precipi- 
tated. 
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(B). Detection of the Acids in a complex substance^ soluble in 

water, the constituents of which are included in the list, 

page 167. 

The various bases contained in the substance having been 
discovered, a fresh portion of the original solution is sub- 
mitted to the course of operations noted in the following 
Table for the detection of the acids which may be present. 
It will be perceived that all the acids which a substance can 
contain are arranged into three classes: — 1st, those which are 
precipitated from a neutral solution by nitrate of barytes ; 
211 ( 1 , those which are not precipitated by nitrate of barytes, 
but are precipitated by nitrate of silver; and, 3rd, those 
which are not precipitated either by nitrate of barytes or by 
nitrate of silver. 

If the substance is found to contain other bases than tlic 
fixed alkalies, several of the acids enumerated at page 167. 
need not be sought, since they do not form with such bases 
compounds soluble in water. If the liquid under ex- 
amination contains an ammoniacal salt, or is very dilute, 
boracic, arsenious, and arsenic acids may not be preci- 
pitated by nitrate of barytes. These acids are precipitated, 
however, by the reagent next applied, nitrate of silver ; and 
as their silver compounds are soluble in ammonia, they are 
afterwards obtained together with chloride of silver, if present. 
In the Table, the above acids are, therefore, supposed to be 
contained both in the precipitate produced by nitrate of 
barytes and in the liquid filtered from that precipitate. 
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SECTION 11. 

QUALITATIVE ANALYSIS OF A COMPLEX SUBSTANCE, INSOLUBLE IN 

WATER, BUT SOLUBLE IN NITRIC ACID, HYDROCHLORIC ACID, OR 

AQUA REOIA, THE CONSTITUENTS OF WHICH ARE INCLUDED IN 

THE LIST AT PAGE 1 6 ?. 

(A). Detection of Bases. 

If tlie substance is dissolved in 7iitric acid, add a little 
hydrochloric acid to the solution. If a white precipitate is 
formed by hydrochloric acid, not readily soluble in an excess 
of that acid, lead, silver, and mercury (as suboxide) may be 
present. Collect the precipitate on a filter (after dilution of 
the liquid), wash it with water, and examine it by ammonia 
in the manner described at page 185. The filtered liquid is 
then exposed to sulphuretted hydrogen. 

If the substance is dissolve d in hydrochloric acid or aqua 
regia, it contains neither oxide of silver nor suboxide of mer- 
cury. Oxide of silver is almost pcrfe(*.tly insoluble in 
both of these acids: suboxidc of mercury is insoluble in hy- 
drochloric acid, but dissolves in aqua regia, wdth conversion 
into protochloride of mercury. 

If much free acid is present in the liquid, the principal 
part of it should be removed by evaporation nearly to dry- 
ness : the residue is then mixed with water. A milkincss on 
dilution may proceed from the presence of bismuth or anti- 
mony, but this may generally be disregarded, and the ex- 
amination be continued as if no milkiuess had occurred. 

1. Through the diluted acid Ksolution (filtered from the pre- 
cijiitate produced by hydrochloric acid) sulphui*ctted hydrogen 
gas is passed until the liquid smells strongly of sulphuretted 
hydrogen, after agitation and warming. If a preeijiitate is 
thereby produced, the liquid is passed through a filter, and 
reserved for subsequent examination (2.) ; and the precipitate 
on the filter is washed until all soluble matter is removed. 

The jirecipitate may contain the sulphurets of all the metals of Class 
I. (p. 167.)^ together with the two sulphurets of arsenic derived from ar- 
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senious and arsenic acids, and sulphur derived from the decompositoiii 
of sulphuretted hydrogen by peroxi<le of iron. Excepting in the possible 
presence of arsenic, this mixture differs in no respect from that supposed 
to be precipitated by sulphuretted hydrogen from the acidified solution 
of a substance soluble in water : its further examination is therefore 
conducted according to the Table at p. 187*^ with one only additional 
operation. A portion of the precipitate produced by acetic acid in the 
solution of the sulphurets in hydrosulphate of ammonia or sulphuret of 
potassium is subjected to the reduction-test for arsenic described at 
page 108. 

2. After exposure to sulphuretted hydrogen and filtration, 
if a precipitate was thereby produced, a small portion of the 
liquid is rendered slightly alkaline by ammonia, and then 
mixed with hydrosulphate of ammonia. If a precipitate is 
thereby formed, the whole of the liquid is treated in the same 
way, and poured upon a filter. The precipitate is washed, 
and further examined as follows, and the liquid which jiasses 
through the filter is reserved for subsequent examination, 
according to the course prescribed for a similar liquid in the 
preceding section, page 189. (4.) 

If the substance under examination is soluble in water, the preci- 
pitate produced by hydrosulphate of ammonia would contain no other 
metals or bases but those of Class II. (p. lOj.); but as the substance now 
under consideration is insoluble in water, tliis precipitate may also con- 
tain certain salts of lime, barytes, magnesia, and strontian, insoluble in 
water, but soluble in acids. The course of operations to which the pre- 
cipitate is subjected is exhibited in the following Table; — 



After being well washed, the precipitate is digested in weak aqua regia, with the aid of heat. When the solution of the precipitate is conoplete, 
or nothing more than sulphur remains undissolved, the liquid is diluted, filtered if necessary, and a portion of it is then mixed with excess of 
ammonia. If much of the acid has been expelled by evaporation, it is necessary to add some muriate of ammonia to the solution before 
adding ammonia. If a precipitate is produced by ammonia insoluble in excess, the w'hole of the liquid is mixed with excess of that alkali, 
warmed, and poured upon a filter. 
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ij/wc, 5flrrj/^c5, and s^ron^ian may be precipitated. The filtered ammoniacal liquid may contain 
For the detection and separation of these magnesia ; in which case it gives a white 

earths in the precipitate, see page 190. a. crystalline precipitate when mixed with phos- 

phate of soda (page 54.). 
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(B). Detection of the Acids in a comjilex substance, insoluble in 
tcatevy but soluble in acids, the constituents of which arc 
included in the list, page 167. 

As all chlorates arc soluble in water, chloric add need not 
be sought for. Arsenious and arsenic acids, if present, have 
already been detected in tlie examination for }>ascs, 

1. A i)ortion of the substance is mixed witli concentrated 
hydrochloric acid. Effervescence indicates the presence of 
a (jarbonatc, a sul})hite, or a sulphuret, decomposable by hy- 
drochloric acid. The hydrochloric acid solution may ctintaiii 
lihosjihoric, sulphuric, iodic, and silicic acids. 

a. Carhonic acid, failphnrouN acid, and sulphuretted hydrof'fcn. If tlu? 
evolved gas is inodorous, it consists of carbonic acid only. In a mix- 
ture of sulphurous acid and carbonic acid gases, the former is recognised 
by its odour, and the latter by its action on lime-water. (See page 12'L, 
and the remarks at the beginning of the Table, p. 19'h) In a mixture 
of carbonic acid and suljihuretted hydrogen gases, the former may also 
be recognised by its action on lime-water, and the latter by its odour, 
and action on salts of lead, (page 1,00.) Sulphurous acid and sulphur- 
etted hydrogen mutually decompose each other, with formation of water 
and sulphur, and are therefore not evolved together. If one of these 
gases is disengaged in excess, its odour is of course perceived. ^Thcn a 
mixture of a sulphite insoluble in water and a sulphuret is boiled in a 
solution of an alkaline carbonate, a sulphite of the alkali is formed, and 
the solution disengages the odour of sulphurous acid, when saturated with 
sulphuric acid. Iodic acid and starch may also he applied to the neu- 
tralized or acidified liquid as a test for sulphurous acid, (page 

h. rhosphoric, acid, sulphuric, acid, iodic acid, and silicic acid , — 
These acids, if jiresent, are contained in the solution of the substance in 
hydrochloric acid. The presence of silicic acid is first ascertained by 
evajioratiiig the solution to dryness, and digesting tlie dry mass in hy- 
drochloric acid a little diluted. If silicic acid is ])resent, a light white 
powder remains undissolved. (See page 131.) This residue should be 
examined before the blowpipe. (See the characters of silicic acid before 
the blowpipe.) 

To a portion of the acid solution filtered from silicic acid, add a few 
drops of a w^ak solution of chloride of barium. The production of a 
white precipitate, which does not disappear either by dilution or by the 
application of more hydrochloric acid, shows the presence of sulphuric 
acid. 

To another portion of the same solution, somewhat diluted, apply a 
solution of sulphurous acid in water, and some starch mucilage, as a test 
for iodic acid, (See page 125. and also page 148.^ 

o 3 • 
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To discover the presence of phosphoric acid, apply to another portion 
of the hydrochloric acid solution the test of pcrchloride of iron with 
ammonia^ &c., described at pages 127> 128. (See also the note at 
page 180., on the manner of detecting phosphoric acid when present as 
phosphate of alumina.) 

2. A portion of the substance is next digested in tolerably 
strong nitric acid. If the action proceeds slowly, heat may 
be applied. 

Sulphur . — The disengagement of an ahund of red fumes, accom- 
panied by the separation from the substance ol a yellowish powder, which 
aggregates into lumps, and slowly dissolves, indicates the presence of a 
sulphuret. The acid solution is found to contain sulphuric acid, when 
considerably diluted and tested with a salt of barytes. 

Chlorine. — To discover the presence of a chloride, add a solution of 
nitrate of silver to the clear nitric acid solution of the substance: if a 
precipitate is produced, wash it, cither by affusion and decantation or by 
filtration, and digest it in ammonia. If the ainmoniacal liquid gives a 
white precipitate on being supersaturated with nitric acid, the substance 
contains a chloride. 

3. For the detection of iodine^ jluorine^ and horacic acidy 
the substance is acted on by concentrated sulphuric acid, in 
the manner described at page 179. 

4. The appearance of deflagration when the substance is 
placed on a piece of burning charcoal, may arise from either 
nitric acid or iodic acid. To detect the former, apply to a 
portion of the original substance, sulphuric acid and copper 
filings (page 154.). The latter, if present, has been already 
detected. 


SECTION III. 

QUALITATIVE ANALYSIS OP A COMPLEX SUBSTANCE INSOLUBLE OH 
BUT SLIGHTLY SOLUBLE IN WATER AND ACIDS, THE CONSTITUENTS 
OF WHICH ARE INCLUDED IN THE LIST AT PAGE 1 fi?.] 

The substances to be here considered are the following : — 
sulphates of lime, barytes, strontlan, and lead; silica and 
some silicates*; chloride of silver ; some acid arseniates, after 
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having been strongly calcined ; and the insoluble modifications 
of oxide of chromium, peroxide of tin, and peroxide of iron. 

L To render the substance soluble, it is first mixed in a 
state of fine powder, with about three times its weight of dry 
carbonate of soda ; the mixture is introduced into a platinum 
crucible, and maintained at a temperature sufficiently high 
for fusion for nearly half an hour. If the presence of chloride 
of silver is sus])ccted, from the substance being blackened by 
hydrosul]jhate of ammonia, and from its conn)ortment before^ 
the blow])li)e, a crucible of |>(n-cclain must be used instead of 
one of })latinum. (See the note at page 181 .) But in the ab- 
sence of metallic compounds easy of reduction, a platinum 
crucible is decidedly to be jireferred. When a crucible of 
earthenwan^ or porcelain is used, silicic acid, derived from the 
erucilde is always found among the soluble products. 

After being cooled and powdered, the fused mass is digested 
in hot water imtU all the aoliihle matter ts dissolved , and the 
solution is filtered. This aqueous solution contains the ex- 
cess of carbonate of soda, together with combinations of soda 
with the acids ])rcvloiisly contained in the insoluble substance, 
and, in a few cases, a little caustic alkali. If the substance 
under examinntion contains oxide of chromium, a little chromic 
acid will be found in tlu^ aqueous solution ; and ])Ci'oxlde of 
tin, if present in die ;d)stance, will also be found in the 
solution. 

For the modes of detectinir oxide of chromium (indicated by 
the presence of chromic ac id in the solution), silicic acid, sul-- 
jihuric acid, chlorine, arsevic acid, and peroxide, of tin, see 
page 182 . ; the same jirocesscs being applicable for the detection 
of these bodies when one only or all are supposed to be j>re- 
seiit. If a precipitate is produced in the acidified solution by 
sulphuretted hydrogen, Avhereby the presence of either arsenic 
or tin, or both, is indicated, the precipitate should be collected 
and examined by the test for arsenic described at page 108 . 
Another portion of the aqueous solution is acidified by hy- 
drochloric acid and tested for peroxide of tin by ammonia, 
(page 182 .). 

The part of the fused mass insoluble in wafer is examined 

o 4 
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for the various bases which the substance contained. These 
bases arc now either in tlie free state or as carbonates, and 
arc generally freely soluble in acids.* If chloride of silver 
was present in the original substance, the residue insoluble 
in water contains metallic silver, either as a bright metallic 
globule or in a fine pulverulent state. 

This residue is now dissolved in cither hydrochloric or 
nitric acid (the former being preferred in all cases wlierc it 
effects solution), and the solution is submitted to the regular 
examination, detailed in the preceding section, for all bases 
except the alkalies. 

The fixed alkalies are often contained in silicates which are insoluble 
in acids, and which require, therefore, calcination with an alkaline car- 
bonate, or alkaline earth, in order to be rendered soluble. VYlicn (lUmlieH 
are sought, in such a case, the silicates should be calcined with carbonate 
of barytes or of lime, or quick -lime, instead of carbonate of soda. The 
barytes or lime may be removed from the solution of the ignited mass in 
an acid by carbonate of ammonia, as an insoluble carbonate : the filtered 
solution is then evaporated, the residue calcined to expel aminoniacal 
salts, and dissolved in water. The solution thus obtained is tested for 
potash by tartaric acid and chloride of platinum ; for lirhia, by the 
blowpipe ; and for soda, by the blowpipe and antimoniate of potash. 
For a modification of the above process, see the inode of obtaining the 
amount of alkalies in silicates not decomposable by acids, under the 
Quantitative Analysis of Silicates. 

2. If the substance is not rendered soluble in water or 
acids by fusion with carbonate of soda (being carefully washed 
with water before an acid is applied), it is next treated with 
caustic ])otash, as described at page 183. Sec also, jit the same 
place, the manner of obtaining a solution of the variety of 
native peroxide of iron wlucli is not directly soluble in acids. 

• If the insoluble portion of tlie fused mass has not been y)erfcctly washed 
before it is treated with an acid, it may not comydctely dissolve, owing to the 
reproduction of the original substance. If the substance contains sulphate of 
barytes, for instance, and the sulphate of soda present in the fused mass is not 
completely washed away from the insoluble carbonate of barytes, of course sul- 
phate of barytes will be reproduced on the application of either hydrochloric or 
dilute nitric acid. 
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CHAPTER III. 

QUALITATIVE ANALYSIS OF A SUBSTANCE WHICH MAY 
CONTAIN ALL INORGANIC BODIES AVTTOSE rROPEKTIES 
ARE WELL KNOWN. 


SECTION I. 

EXAMINATION FOB BASES ANJ> SOME AOJDS. 

Though tlie following course of operations for the quali- 
tative analysis of a highly complicated mixture is adapted to 
substances soluble and insoluble both in water and acids, yet it 
is always advisable to examine separately, — 1st, that [)ortioii of 
a substance which is soluble in water ; 2nd, that which is 
insoluble or slightly soluble in water, but soluble in acids; and, 
3rd, that which is insoluble or slightly soluble in a(*icls. When 
the analysis is thus conducted, the true constitution of the 
substance under examination, that is, the mode of arrange- 
ment of its various acids and bases, is generally determined 
with much more jirccision than when tlie whole of a sub- 
stance containing matters soluble and insoluble in water and 
acids is subjected to the means of ejecting solution which 
should be the last resorted to, namely, fusion with an alkali. 

The indications of the presence or absence of various bodies, 
which are obtained in the following course of analysis, should 
be rigorously proved by applying, both to the original sub- 
stance and to the precipitates obtained during the analysis, 
other tests than those mentioned in the following Tables, 
namely, the most characteristic of those noticed in the pre- 
ceding division of this work, on the “ Behaviour of Sub- 
stances with Reagents.” 

1. The substance is soluble in water, — The strong aqueous 
solution of the substance is first mixed with an excess of 
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concentrated hydrochloric acid, and heated. The bodies 
which may be precipitated by hydroeliloric acid, and not 
easily re-dissolved in an excess when the mixture is heated, 
arc, chloride of silver, chloride of lead, subchloride of mer- 
cury, silicic acid, tungstic acid, tantalic acid, and titanic 
acid. 

If the substance under examination is alkaline, and the 
odour of sulphuretted hydrogen is perceived on supersatura- 
tion with hydrochloric acid, the precipitate may cc^nsist of 
sulphur and such metallic sulphurets as form soluble com- 
binations with alkaline sulphurets, namely, the sulphurets of 
tin, gold, antimony, arsenic, platinum, iridium, molybdenum, 
tellurium, and selenium. The mode of analyzing such a 
mixture is exhibited in the Table at l)age 206. 

But when the odour of sulphuretted hydrogen is not disen- 
gaged by the addition of hydrochloric acid, the examination 
of the precipitate may be conducted after the following man- 
ner. A portion of the precipitate is digested in ammonia, 
and the ammoniacal liquid is supersaturated with hydrodiloric 
acid. The formation of a white precipitate, wln(*h blackens 
on exposure to light, shows the presence of chloride of silr or. 
To detect chloride of leady a portion of the precipitate, after 
being well washed, is heated with water, and the liquid tested 
for lead with sulphuretted hydrogen, (page 79.) If suhchloride 
of mercury is present, the precipitate is rendered black, or is 
darkened in colour, by ammonia, and when mixed with carbo- 
nate of soda, and heated to redness in a glass tube, disengages 
metallic mercury. (See page 94.) Silicic acid is recognised 
by its blowpipe characters, and by the gelatinous appearance 
which it assumes when its solutionis mixed with hydrochloric 
acid, and evaporated to dryness. (Sec page 131.) Tungstic 
acid is recognised by its blowpipe characters, and by its solu- 
bility in hydrosulphate of ammonia. (See page 111.) Titanic 
acid is distinguished from other bodies by its proj)erty of being 
precipitated from Its solution in cold hydrochloric acid by the 
application of heat (see page 70.), and by its blowpipe charac- 
ters. Tantalic acid is also recognised by its behaviour before 
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the blowpipe.* The solution, filtered from the precii)ltatc 
produced by hydrochloric acid, is then submitted to the course 
of operations noted in the following Tables. 

The disengagement of chlorine gas^ when the strong 
aqueous solution of the substance is heated with hydrochloric 
acid, may proceed from the presence of chromic acid^ vanadic 
acid, selenic acid, manganic add, hypermanganic acid, peroxide 
of cerium, or sesguioxide manganese. These acids or peroxides 
arc reduced by the hydrochloric acid to a lower state of ox- 
idation, in which state they arc afterwards found in the course 
of the examination. 

2. The substance is f reely soluble in hot hydrochloric acid, 
but insoluble or very slightly soluble in water . — In that case, 
the substance contains neither silver, suboxide of mercury, 
tungstic acid, tantalic acid, nor titanic acid. Silicic acid and a 
small quantity of lead may be present. The former is de- 
tected in the usual way, by evaporating to dryness, and 
treating the dry residue with diluted hydrochloric acid. If 
jirescnt, it should be separated from the entire quantity of the 
solution required for the analysis. Lead, when present, is 
afterwards detected among the sulphurets precipitated by 
sulphuretted hydrogen. 

The evolution of chlorine during digestion in hot hydro- 
chloric acid may proceed from the presence of hyperman-- 
ganates, manganates, chromates, seleniates, vanadiates, and 
several metallic peroxides. 

The hydrochloric acid solution, a little diluted, is treated 
as directed in the following Tables. 

3, The substance is insoluble or slightly soluble in water and 
hot hydrochloric acid, but soluble in nitric acid. — The substances 

* The following mode of separating titanic acid from tantalic acid is proposed 
by M. Woehler. To the mixture of the two acids sugar is added, the mixture 
is carbonized by heat, then placed in a tube and exposed to a red heat in a cur- 
rent of chlorine gas. Chlorides of tantalum and titanium distil over, and are 
collected in a vessel containing water. On adding sulphuric acid to the aqueous 
solution, tantalic acid is precipitated, and titanic acid remains in solution. 



204 


SYSTEMATJC COURSE OF 


which are to be sought for before the solution is submitted to 
the course of operations noted in the Tables, arc, silver y lead, and 
mercury in the state of suboxidcy and silicic acid. The presence 
of one or more of these metals is indicated by the formation 
of a white precipitate on the application of hydrochloric acid 
to a portion of tlie nitric acid solution. (See page 185.) The 
usual test of evaporation to dryness is resorted to for the de- 
tection and separation of silicic acid. To ascertain whether 
the dry residue is wholly soluble in acids, or whether sililic 
acid remains undissolved, nitric acid should be applied to the 
residue in cases where hydrochloric acid produces a precipitate 
in the solution ; and after having thus proved the presence or 
absence of silicic acid, the nitric acid solution is again evapo- 
rated to dryness, the residue digested in hydrochloric acid, 
diluted, and exposed to sulphuretted hydrogen, as directed in 
the following Table. But if hydrochloric acid produces no pre- 
cepitate in the nitric acid solution of the substance, the dry 
residue obtained by evaporating that solution is digested in 
hydrochloric acid, instead of nitric, diluted, filtered (if silicic 
acid is present), and exposed to sulphuretted hydrogen. 

4. The substance is insoluble or slightly soluble in water, 
hydrochloric acid, and nitric acid, but soluble in aqua reejia, — 
The only preliminary operation on the solution of such a 
substance in aqua regia is evaporation to dryness, to detect 
(and separate, if present,) silicic acid. The residue of the 
evaj»oration is digested in hydrochloric acid, and th(^ solution 
is diluted, filtered, and exposed to sulphuretted hydrogen, as 
directed in the Table. 

5. The substance is insoluble or slightly soluble in water 
and acids, — If the substance is insoluble both in water, 
hydrochloric acid, nitric acid, and aqua regia, the usual 
method of obtaining solution in such a case is to be resorted 
to, namely, fusion with an alkaline carbonate, or, in some 
cases, with a caustic alkali. (Sec pages 181. and 199.) If 
the substance is to be tested for alkalies, quick-lime is to be 
used instead of an alkaline carbonate. (See page 200.) 
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The calcined mass, after being cooled and powdered, is 
diirestcd in water, and the solution examined in the manner 
already described, as that of a substance soluble in water. (1.) 
The part of the fused mass insoluble in water is washed 
until all soluble matter is removed, and then dissolved in 
hydrochloric acid, or, if metallic silver is present, in nitric 
acid. The solution thus obtained is treated precisely as 
before described ; if made in hydrochloric acid, as that 
of a substance soluble in hydrochloric acid (2.) ; or, if 
made in nitric acid, as that of a substance soluble only in 
nitric acid. (3.) 
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SECTION II. 


EXAMINATION FOB ACIDS. 


The acids to be sought, besides those mentioned at 
page 167 ., are the following : — 


Acetic 

Ilromic 

Chromic 

Hydrobromic (or bromine) 
Hydrocyanic (or cyanogen) 
Hypermanganic 
H yposulphurous 
Hyposulphuric 


Manganic 

Nitrous 

Oxalic 

Phosphorous 

Selenic 

Selenious 

Tartaric 


The evolution of chlorine, when the substance is digested 
in hot hydrochloric acid, may proceed from the presence of 
chromic, chloric, iodic, bromic, selenic, manganic, and hyper- 
manganic acids. 

To obtain some indication of the nature of the acids present, 
for subsequent confirmation, a small portion of the substance, 
either in the dry state (powdered), or in a strong aqueous 
solution, is mixed with concentrated sulphuric acid in a test 
tube. If no action takes place immediately, a gentle heat 
may be applied. The disengagement of any volatile acid may 
be perceived by the formation of a white cloud when a 
glass rod moistened with strong ammonia is held over the 
tube. 

1. A gas is disengaged which has a strong odour of sulphurous acid , — 
If this is the case, a hyposulphite, a sulphite, or a hyposulphate may be 
present. For the manner of distinguishing between these classes of 
salts, see pages 133. 151. and 153. If organic matter is present, and 
heat applied, sulphurous acid may also be produced through the deoxi- 
dation of the sulphuric acid. 

2. Coloured gases or vapours are disengaged, — A reddish vapour may 
proceed from a bromate, a bromide, or a nitrite. In the cases of a 
bromate and a bromide, the reddish vapour consists of bromine mixed 
with oxygen, if a bromate is present, or with sulphurous acid, if a bro- 
mide is present. • See the characters of bromates (bromic acid) at pages 
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118. 122., and those of bromides (hydrobromic acid) at pages 1S6. 145. 
When sulphuric or other strong acid is mixed with a nitrite, nitric 
oxide gas is disengaged, which forms ruddy fumes of nitrous acid, by 
combining with the oxygen of the air. (See the characters of nitrites 
(nitrous acid), at pages 187. 156.) The evolution of sl yellowish gas, by 
sulphuric acid, indicates the presence of a chlorate. (See the characters 
of chlorates (chloric acid) at pages 136. 138.) A purple vapour may 
proceed from the presence of an iodide. (See the characters of iodides 
(hydriodic acid) at pages 1 36. 1 47.) 

3. Carbonic acid yas is disen gaged, — If unaccompanied by other gases 
or vapours, carbonic acid may generally be recognised by its freedom from 
colour and odour ; and in the presence of other gases, by the precipitate 
of carbonate of lime, which it produces whcTi passed through a mixture 
of a solution of chloride of calcium with ammonia. In the experiment 
now under consideration, carbonic acid gas may be afforded by a carbo- 
nate and by an oxalate. A carbonate yields carbonic acid when mixed 
with cold, diluted sulphuric acid ; but an oxalate yields no carbonic acid 
gas when treated with cold sulphuric acid, or when the acid is diluted. 
For the characters of carbonates (carbonic acid), see pages 118. 122. ; 
and for those of oxalates (oxalic acid), see pages 11 9. 1-^6. If the 
mixture of the substance with sulphuric acid blackens, other matters may 
be present which would cause a disengagement of carbonic acid gas. 

The other acids volatilized when their compounds wdth bases are heated 
with sulphuric acid, are, hydrosulphuric (from certain classes of sulphurets), 
hydrofluoric (from fluorides), hydrochloric (from chlorides,) nitric (from 
nitrates), acetic (from acetates), and hydrocyanic (from certain classes of 
cyanides). The means of detecting all these, except acetic and hydro- 
cyanic, are pointed out in the Table at page 193. and at page 197* 

Acetic acid is recognised with certainty by the product of the distil- 
lation of tbe substance witii sulphuric acid being capable of dissolving 
protoxide of lead, thus forming a solution which possesses an alkaline 
reaction on test-paper, when the oxide of lead is present in excess. (See 
page 138.) For the manner of detecting hydrocyanic acid, or an alka- 
line or earthy cyanide, see page 143. 

The acids, or electronegative bodies, which do not volatilize 
when their combinations with bases are heated with strong 
sulphuric acid, arc arsenic, arsenious, iodic, phosphoric, phos- 
phorous, boracic, sulf)huric, silicic, selenious, selcnic, and tar- 
taric, and, when united with certain bases, sulphur. The 
means of detecting each of these bodies, with the exception of 
selenious, selenic, phosphorous, and tartaric acids, have already 
been noticed. (See pages 193. 197.) 

Selenious and selenic acids, — The presence of selenium having been 
ascertained by the blowpipe in the course of the determination of the bases, 
to ascertain whether this element is present in the state of selenious or in 

F 
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that of selenic acid, the acidified solution of the substance (not boiled 
with hydrochloric acid) is treated with sulphuretted hydrogen, and the 
precipitate examined by the blowpipe for selenium. Selenious (but 
not selenic) acid affords a precipitate with sulphuretted hydrogen. By 
being heated with hydrochloric acid, selenic acid is reduced to the state 
of selenious acid, and is then of course precipitated by sulphuretted 
hydrogen. 

Phosphorous acid. — Solutions of phosphites possess the power of re- 
ducing salts of mercury and gohl to the metallic state, in acid solutions. 
Most phosphites evolve hydrogen gas, when heated to redness ; but 
some, as well as all hypophosphites, evolve phosphuretted hydrogen gas. 
(See the characters of phosphites and hypophosphites at pages 128, 129») 

Tartaric acid . — If tartaric acid is present, the mixture of the sub- 
tance with sulphuric acid carbonizes slowly in the cold, and rapidly on 
the application of heat. In a substance soluble in water, tartaric acid is 
recognised by the sparingly soluble, white, crystalline precipitate of bi- 
tartrate of potash, which falls wdien a mixture of a strong solution of 
acetate of potash and free acetic acid is added to the strong aqueous so- 
lution of the substance. (See ])ages 120. 131.) The peculiar comportment 
of tartrate of lime (produced on adding a solution of a tartrate to lime- 
water or a mixture of solution of chloride of calcium with ammonia) 
with caustic potash may also be taken advantage of as a good test for 
tartaric acid. (See the note at page 135.) 

After treating the substance with strong sulphuric acid, as 
a means of preliminary examination, it sin mid in the next 
place be subjected to a systematic course of ex])(‘rimcnts after 
the plan j)rescribed in the Table at page 193., or in th(‘, section 
following that table, according to whether the substance is 
soluble or insoluble in water. 

1. The suhstaiice is soluble iu water. — The action of the 
solution on test-paper having been ascci taincd, and the ])re- 
sence or absence of a carbonate, a sulphite, and a siilphuret 
determined in the maim(;r directed in the Table at page 193., 
a solution of nitrate of barytes is added to the strong and 
neutral solution of the substance : if a precipitate is produced, 
the mixture is well stirred, poured upon a filter, and the preci- 
pitate on the filter is slightly washed with watei*. 

Besides the acids mentioned at page 193., a salt of barytes may preci- 
pitate chromic acid, oxalic acid, tartaric acid, bromic acid, phosphorous 
acid, selenic acid, and selenious acid. 

The presence of a neutral chromate is easily recognised by the yellow 
colour of the original solution, by its acquiring an orange colour on being 
mixed with sulphuric acid, and a green colour by being boiled with hy- 
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drochloric acid and alcohol. (See page 1 14.) Oxalic acid, — If the sub- 
stance contains oxalic acid, its neutral solution produces an immediate 
precipitate in a solution of sulphate of lime, insoluble in acetic acid, but 
soluble in hydrochloric acid. (See page 126.) This precipitate of oxalate 
of lime is distinguished, and may be separated from, tartrate of lime by 
its insolubility in a cold solution of caustic potash, in which tartrate of 
lime is soluble. Other tests for tartaric acid have just been noticed. 
Bromic acid, phosphorous acidy selenic acid, and selenious acid are best 
recognised by the application of tests above mentioned to separate portions 
of the original substance. 

The solution filtered from the prcci 2 )itatc produced by nitrate 
of barytes may contain, besides the acids noticed in the Table 
at page 193., acetic acid, hydrobromic acid (a bromide), hy- 
permaiiganic acid, manganic acid, hyposulphurous acid, hypo- 
sulphuric acid, nitrous acid, and hydrocyanic acid (a 
cyanide). 

The course to be pursued for the detection of hydrochloric acid, hy- 
driodic acid, nitric acid, and chloric acid, is the same as that already pre- 
scribed. Acetic acid is discovered by distillation with sulphuric acid and 
digestion of the product with excess of protoxide of lead. (Sce page 138.) 
(For the characters by which hydrobromic acid (or a bromide) is detected, 
see page 145.) ^o\\xh\c hypermaugnaates and maaganntes are sufficiently 
characterised by their colour, and by the ease with which they are de- 
composed by most acids and all deoxidizing agents. (Pages 11 6, 117*) 
Hyposulphites and hyposnJphates are decomposed when mixed with strong 
sulphuric acid, with liberation of sulphurous acid, which is readily tle- 
tected by its odour. In this decomposition, hyposulphites afford free 
sulphur, but hyposulphates do not. (Sce pages 151. 153.) Nitrites are 
recognised by their property of disengaging, when mixed with an acid, 
nitric oxide gas, w'hich forms ruddy fumes of nitrous acid by uniting with 
the oxygen of the air. (For the mode of detecting hydrocyanic acid, 
or a soluble cyanide, see page 123.) 

2. The substance is insoluble in water, — If the substance is 
insoluble in water, but soluble in acids, it may be submitted 
to the course of operations directed at page 197. for the de- 
tection of tlie acids included in the list at page 167. ; and for 
the detection of those mentioned at page 208., separate portions 
of the substance may be examined for individual acids by the 
tests just mentioned. Another mode of procedure, in such a 
case, is to digest the substance for a long time in a boiling 
solution of carbonate of soda, to neutralize the filtered liquid 
with acetic acid, and examine the solution for the various acids, 
as that of a substance soluble in water. If the only bases 
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present in the subtance arc metals proper, or their oxides, 
the substance may be mixed with water, and treated with sul- 
phuretted hydrogen or hydrosulphatc of ammonia, according 
to the nature of the bases present ; after filtering the liquid 
from the metallic sulj^huret thus formed, it may be examined 
for acids, as the solution of a substance soluble in water. The 
manner of detecting the presence of phosphoric acid in phos- 
phate of iron (described at page 128.) is an example of the latter 
mode of determining the acid of an insoluble substance. 
Cyanides of metals proper, not decomposable by dilute acids, 
are best detected by such a process, (page 143.) 

If the insoluble substance is not decomposed by a boiling 
solution of carbonate of soda, it should be fused with carbonate 
of soda, as described at page 199., and the aqueous solution of 
the fused mass be treated as already described. Decomposition 
with carbonate of soda in the humid way, however, should be 
first attempted, as several of the acids considered in the present 
chapter suffer decomposition when their compounds with bases 
are strongly heated. 
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CHAPTER IV. 

EXAMPLES OF THE QUALITATIVE ANALYSIS OF METALLIC 

ALLOYS. 

The following illustrations of the qualitative analysis of 
German siher unA Nen^ton^ s fusible conducted according 

to the course prescribed in the second chapter of the present 
division of this work, may prove useful to the student. In 
the first example, positive indications are given of the exist- 
ence of copper, nickel, and zinc in the alloy ; but the tests 
for all other metals afford negative results. In the second 
example, nothing is detected except tin, bismuth, and lead. 

1. Qualitative analysis of German Silver, 

Dissolve the metal in nitric acid, evaporate off the excess of acid, add 
a little hydrochloric acid, and dilute the mixture with water. (Hydrochloric 
acid produces no precipitate of silver, therefore that metal is absent.) 
Transmit sulphuretted hydrogen gas through the solution to saturation, 
then filter the liquid, and wash the black precipitate thereby produced 
with water. 

a. Examination of the precipitate formed by sulphuretted hydrogen, ~— 
After being washed, the precipitate is digested in hot hydrosulphate of 
ammonia. The precipitate neither entirely nor partially dissolves, for a 
few drops of the liquid leave no fixed residue when evaporated to dryness. 
A black sulphuret remains undissolved, which dissolves in strong nitric 
acid (hence no mercury is present) ; the concentrated solution affords no 
precipitate on being largely diluted (therefore, bismuth is absent) ; and 
it gives no precipitate with sulphuric acid (therefore lead is absent). 
Ammonia added in excess produces an intense blue liquid (hence copper 
is present), 

h. Examination of the liquid filtered from the precipitate produced by 
sulphuretted hydrogen , — Add to it, first, ammonia, and then an excess 
of hydrosulphate of ammonia, A blackish precipitate is* produced, which 

• p 3 
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is collected on a filter^ washed, and dissolved in aqua regia. To this 
solution ammonia is added in excess. 

Traces only In the liquitl filtered from the slight precipitate of 
of perox- peroxide of iron, hydrosulphate of ammonia pro- 

ide of iron duces a black precipitate', which is washed and dis- 

are preci- solved in aqua regia, and the solution mixed with 

pitated. excess of caustic potash. 

A green precipitate is produced, which, after being Sulphuretted hy- 
washed, is soluble in a mixture of ammonia and drogen produces 

carbonate of ammonia : therefore manganese is in the alkaline 

absent, and either nickel or cobalt present. On liquid a white 

testing the ammoniacal liquid for these metals precipitate of 

as directed p. 1 8 . 9 ., the absence of cobalt, and the sulphuret of 

presence of niclcel^ are proved. zinc. 

Therefore the constituents of German silver are copper, nickel, and 
zinc, with traces of iron. 

2. Qualitative analysis of Newtons fusible metal , — Dissolve the alloy 
in dilute aqua regia, with the aid of a gentle heat. If a white powder 
is formed, insoluble in acids, this maybe separated and examined, before 
the blowpipe for tin, as described below. Evaporate off most of the ex- 
cess of acid, dilute, and through the filtered solution pass sulphuretted 
hydrogen gas : filter the liquid from the precipitate then produced. 

The filtered liquid leaves no residue on evaporation ; therefore no 
metal of Class II. or III. (page l6’7.) is present. 

The precipitate produced by sulphuretted hydrogen is treated with 
ammonia and hydrosulphate of ammonia 

'V^’'ash the insoluble por- The liquid filtered from the undissolved 
tion, and digest it in sulphuret affords, when neutralized 

strong nitric acid. No with acetic acid, a precipitate which 

black sulphuret remains does not volatilize entirely when 

undissolved; hence mer- strongly heated; hence it contains 

cury is absent. The something besides sulphur. When 

excess of acid being eva- boiled in strong hydrochloric acid, as 

porated from the solu- described at page 187., it partly dis- 

tion in nitric acid, on solves, and the solution yields, on being 

pouring the liquid into digested with metallic zinc, a black 

water, a white precipitate powder, which becomes converted into 

appears, arising from a white oxide on being boiled with 

the presence of bismuth. strong nitric acid. This white oxide. 

Filter, and add to the when heated with carbonate of soda 

liquid a solution of sul- on charcoal before the blowpipe, gives 

phate of soda : a white a button of metallic tin, recognised by 

precipitate appears, its fusibility and malleability. The 

which is sulphate of tests for the other metals whose sul- 

lead, phurets are soluble in hydrosulphate 

of ammonia afford negative results. 
The constituents of Newton's fusible metal, therefore, are bismuth, 
lead, and tin. 
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CIIAPTEll V. 

QUALITATIVE ANALYSIS OF SILICATES. 


Means of effectin/j solution, — Ttie first operation consists 
ill tlie reduction of* the mineral to an impalpable powder, 
its perfect solution depending greatly on the minuteness of 
its division. It is first crushed between folds of paper in a 
vice, or on an anvil with a hammer ; or if the mineral is too 
hard for this, in a steel diamond mortar, the powder being in 
this case digested in dilute hydrochloric acid * to remove 
any portions of iron it may have acquired from the mortar. 
Its pulverization is completed in an agate mortar, and, if 
necessary, by levigation, affusion of water, and decantation. 
AVdien the mineral is extremely hard, it is apt, during pul- 
verization, to scratch the mortar, and thus acquire some 
])ortions of agate which have been rubbed off. 

A portion of the powdered mineral is next treated with 
concentrated hydrochloric acid, in a porcelain bason, with 
the ajiplicatlon of a gentle heat. Some silicates are imme- 
diately acted on by the acid; others, only by a very long 
digestion ; and some, in fact the greater number, in no degree 
wliatever. 

If fully decomposed by hydrochloric acid, all the bases 
formerly united to silica have become chlorides, and are dis- 
solved on the addition of a little water ; while the silica 
remains in the free state, generally in the form of a light 
flocculent jelly. If any gritty particles are perceived on 
stirring with a glass rod against the bottom of the bason, the 
mineral is not entirely decomposed. 

Silicates which resist the action of hydrochloric acid may 
be rendered soluble in it by first fusing them (in the most 
minute state of division) with three or four times their 


* Tlie harder silicates are not acted on by hydrocWoric acid. 


V 4 
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weight of carbonate of potasli or soda ; a silicate of the 
alkali is then formed, carbonic acid gas being at the same 
time evolved. The two powders may be mixed in the 
platinum crucible in which the fusion is to be performed, by 
means of a glass rod ; the crucible is covered, brought gra- 
dually to a heat sufficiently high to fuse the mass, and sus- 
tained at this temperature for half an hour. The fused mass 
is then moistened witli water, removed from the crucible into 
a porcelain bason, and treated witli pure hydrochloric acid. 
Effervescence of carbonic acid now occurs ; the bases for- 
merly united to silica dissolve in the acid, becoming chlorides, 
and silica remains in the state of an insoluble jelly. Other 
substances than silicates, naturally insoluble in acids, are ren- 
dered soluble by similar treatment. 

To avoid loss of solutions by effervescence, it is necessary, 
in quantitative analyses, to place the capsule containing the 
solution within a larger one, to retain the projected drops, 
which must afterwards be washed into the solution ; or a 
funnel, whose diameter at top is a little less than that of the 
bason, may be inverted within it, so that the drops spirted 
within the funnel shall fall again into the bason. 

There are a few silicates which resist the action of even 
carbonates of soda and potash : to effect the decomposition 
of these, caustic potash, to the amount of about four or five 
times the weight of the mineral, is employed, instead of the 
alkaline carbonate, and the heating then performed in a silver 
instead of a platinum crucible, heated carefully over the spirit 
lamp with a circular wick. The crucible must be well closed 
with its lid, as the escape of water from the hydrate of potash 
produces violent ebullition, which might cause a serious loss 
in quantitative analyses. A mixture of one part of hydrate 
of potash and three of carbonate of soda is found convenient 
for this operation, as the fusion may then be performed in a 
platinum crucible. 

When the mineral is to be examined for alkalies, it is 
obvious that neither carbonate of potash nor of soda can be 
used; instead of these, if insoluble in hydrochloric acid, 
having made a previous investigation of the other consti- 
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tucnts by the ordinary methods, the mineral is decomposed 
by being heated with carbonate of barytes, or, what is prefer- 
able, with quick-lime ; the last, however, requires a very in- 
tense heat. The solution in hydrochloric acid is made in the 
same manner as if an alkaline carbonate had been employed : 
barytes is separated from the solution by sulphuric acid; or if 
lime is used, that earth is removed by a solution of carbonate 
of ammonia. (See the description of such a process as this, 
for the quantitative estimation of the alkalies in silicates un- 
decoinposable by acids.) 

The ordinary constituents of silicates are, silicic acid, 
alumina, magnesia, lime, protoxide of iron, oxide of man- 
ganese, potash, and soda. The following Tables contain 
directions for the detection of each of these; but it rarely 
happens that more than three or four bases exist in the same 
mineral. 

The only known natural silicates which contain other 
ingredients, as essential constituents, than those which may 
be discriminated by the Tables, are the following : — 


Names of the particular 
Constituents. 


Names of the Minerals. 


Barytes - 
Boracic acid 

Carbon - 

Cerium, oxide of 
Chlorine - 


Barytes-harmotome ; brewsterite. 


-{ 

■{ 

-{ 


Axinite ; botryolite ; datholite ; tourmaline ; 
mica; lepidolite; pinite. 

Pyrortbite. (Many minerals contain a little 
organic matter.) 

(yCrite ; cerine ; gadolinite ; orthite ; pyror- 
tbite. 


Sodalite ; eudialite ; pyrosmalite. 


Chromium, oxide of 
Copper, oxide of 


-{ 


Fluorine - 



Several minerals having a green colour, as 
emerald, serpentine, 8cc, ; pyrope. 

Dioptase ; cbrysocolla ; cyprine ; cerine ; allo- 
phane. 

Apopbyllite ; cbondrodite ; chabasite ; horn- 
blende ; mica ; carpholite ; scapolite ; 
topaz. 


Glucina - 
Lead, oxide of - 


{ Cymophane ; euclase ; gadolinite ; helvine ; 
beryl. 

Thorite ; siliceous oxide of zinc. 
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Karnes of the particular 
Constituents. 

Nickel, oxide of 
Phosphoric acid 
Strontian - 
Sulphur - 
Tantalic acid - 
Thorina - 


Names of the Minerals. 

Chrysoprase ; pimelite ; olivine. 

Lepodilite ; sordawalite. 

Brewsterite. 

Helvine ; haiiyne ; spinellane ; lapis>lazuli. 
Traces in emerald. 

Thorite. 


Tin, oxide of - 

Uranium, oxide of 
Yttria 

Zinc, oxide of - 
Zircon ia - 


f Traces in emerald ; euclase ; siliceous oxide 
of zinc ; thorite ; olivine. 

Pitchblende ; thorite. 

Gadolinite ; orthite ; pyrorthite. 

Siliceous oxide of zinc. 

Zircon ; eudialite 



Qualitative Analysis of Silicates. 

The solution is made either in hydrochloric acid, or by fusion with an alkali and subsequent solution in hydrochloric acid. 

Evaporate the solution to dryness, and treat rhe dry mass with dilute hydrochloric acid ; the residue undissolved is silicic acid. If protoxide 
of iron is present (ascertained by red prussiate of potash), peroxidize it by heating the solution with a few* drops of nitric acid. 

To the solution add muriate of ammonia and excess of caustic ammonia. 
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the residue in water. 
Examine the solution 
for potash and soda, 
(See page 191.) 
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EXAMPLES OF THE QUALITATIVE ANALYSIS OF SILICATES. 
1. Stilbite. 

Dissolve the powdered mineral in hydrochloric acid ; evaporate the 
solution to dryness, and treat the residue with dilute hydrochloric acid. 

The insoluble residue is silica, (Red prussiate of potash gives no 
blue precipitate ; therefore no nitric acid need be applied to j)eroxidize 
iron.) Add excess of caustic ammonia. (As free hydrochloric acid is 
present, the addition of muriate of ammonia is unnecessary.) 

A 

^ ^ 

A white precipitate falls, which is Add oxalate of ammonia to the 
entirely soluble in potash ; filtered solution, 

hence alumina is present. | 

r ^ 

Oxalate of lime is pre- A drop of the solution evaporated to dry- 

cipitated. ness on platinum foil leaves no fixed 

residue after ignition. 

The constituents of stilbite are, therefore, silica, alumina, and lime. 


2. Hornblende. 

Fuse the mineral with carbonate of soda, dissolve the fused mass in 
hydrochloric acid, and separate silica by evaporation and re-solution of 
the residue. After a little nitric acid has been applied to peroxidize 
iron, add, first muriate of ammonia (unless the solution is very acid), 
and then caustic ammonia. 

I 1 ; — ^ 

The precipitate is filtered and 
dissolved in hydrochloric acid. 

To the acid solution add ex- 
cess of potash, and boil the 
mixture. 

A 

> r- > 

Muriate of am- Oxalate of Phosphate of soda 
monia, added lime is gives a white 

to the alkaline precipi- precipitate of 

solution, pro- tated. phosphate of 

duces a preci- magnesia and 

pitate of alu^ ammonia in the 

mina. liquid filtered 

from the oxalate 
of lime. 

Hornblende therefore contains, silica, alumina, oxide of iron, lime, and 
magnesia. 


Peroxide 
of iron 
remains 
undis- 
solved. 


Add oxalate of ammonia to the 
filtered solution. 
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3. Lepidolite. 

(1.) Dissolve the mineral in hydrochloric acid, after fusion with car- 
bonate of soda. Silica is separated in the usual manner. 

Add muriate of ammonia and caustic ammonia to the solution. 

t ^ ^ 

A white precipitate is formed, al- Oxalate of ammonia produces no 
most wholly soluble in potash ; precipitate in the filtered so- 

hence alumina is present. lution ; hence lime is absent. 

(Sometimes a trace of oxide of Hydrosulphate of ammonia 

manganese remains.) gives a flesh-colour precipitate 

of sulphuret of manganese, 

(2.) Examine for alkalies by fusion with carbonate of barytes. 

To the solution in hydrochloric acid separated from silica add car- 
bonate of ammonia and hydrosulphatc of ammonia. 

f 7 "; ^ 

The precipitate con- Add a solution of oxalate of ammonia to the 

tains carbonate of filtered solution. | 

barytes, carbonate 
of lime, alumina, 
and sulphuret of rytes and evaporation and ignition. Tar- 

manganese : filter. lime are taric acid and chloride of ])lati-. 

precipi- num indicate the presence of 

tated. potash. Phosphate of soda and 

ammonia gives a white pre- 
cipitate, on long standing, of 
phosphate of lithia and soda. 
IJthia is also discoverable by the 
blowpipe. 

Lepidolite therefore contains, silica, alumina, manganese, potash, and 
lithia. 


r \ 

Traces of ba- The solution leaves a residue on 
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CHAPTER VI. 

QUALITATIVE ANALYSIS OF MINERAL WATERS.* 

The first point to be determined in the qualitative examin- 
ation of a mineral water is, to which of the five principal 
classes of waters docs the one in question belong ? 

1. Carbonated^ — containing free carbonic acid. 

2. Sulphureous^ — containing sulphuretted hydrogen. 

3. Chalybeate^ — containing carbonate of iron. 

4. Alkaline^ — containing bicarbonate of soda. 

5. Saline, — containing much neutral salts. 

1. If the water reddens blue litmus paper before being 
boiled, but not afterwards, and the blue colour of the red- 
dened paper is restored on warming it, it is carbonated. 

2. If it possesses a nauseous odour, and gives a black pre- 
cipitate with acetate of lead, it is sulphureous. 

3. If after the addition of a few drops of hydrochloric acid 
it gives a blue precipitate with yellow or red prussiate of 
potash, the water is a chalybeate. 

4. If it restores the blue colour to reddened litmus paper, 
after being boiled, it is alkaline. 

5. If it possesses neither of the above properties in a 
marked degree, and leaves a large residue on evaporation, it 
is a saline water. 

The substances which commonly enter into the compo- 
sition of a mineral water are, — 

Acids. — Sulphuric, carbonic, phosphoric, silicic, and hy- 
drochloric (chlorides). 

Bases. — Potash, soda, lime, oxide of iron, magnesia, and 

alumina. 


* If practicable, the water should always be collected near the mouth of the 
spring, and secured in welLclosed vessels. 
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Besides these, other constituents arc sometimes found, but 
they are comparatively of much rarer occurrence : these are, — 

Acids, — Nitric, sulphurous, boracic, and some organic 
acids produced by the decomposition of vegetable matter 
(crenic, apocrcnic, and puteanic). 

Bases, — Lithia, strontian, oxide of manganese, oxide of 
zinc, and oxide of copper. 

To determine with accuracy all the ingredients which may 
exist, the water should be concentrated by evaporation 
nearly to dryness, although a cursory examination, sufficient 
for many purposes, may be performed on the water in its 
ordinary state. On boiling, most waters evolve a gas, which 
in carbonated, alkaline, and chalybeate waters is chiefly car- 
bonic acid ; and in sulphureous, sulphuretted hydrogen : all 
waters which are exposed to the atmosphere at ordinary tem- 
peratures contain also oxygen and nitrogen, though not in 
the proportions in which these gases exist in the atmosphere. 
In an extended examination the liberated gas must be col- 
lected in the mercurial trough.* 

While the gas is evolved by ebullition, a precipitate is 
formed in chalybeate, carbonated, and most saline waters, 
which may contain silica, carbonates of lime, magnesia, and 
strontian, peroxide of iron, fluoride of calcium, and phosphate 
of alumina. As this precipitate is to be collected and ana- 
lyzed, particular attention must be paid to the perfect filtra- 
tion of the water before evaporation, that no solid matter 
diffused through the water may contaminate the precipitate 
actually deposited from a state of solution. 

When the water is evaporated to dryness, and the residue 
treated with distilled water, the precipitate formed during 
ebullition remains undissolved, while all the soluble matters 
dissolve, forming a solution which may contain potassium, 
sodium, calcium, and magnesium, combined with chlorine, 
iodine, and bromine, or as nitrates or sulphates of the oxides 
of these metals, 

* For the means of collecting the gas, see the “ Quantitative Analysis of 
Mineral Waters.” 



QUALITATIVE ANALYSIS. 


225 


fiy evaporating the water to dryness, and treating the 
residue with water, three classes of constituents, therefore, 
arc separated, each of which is to. be examined independently : 
this is the first step in the analysis. 1st. The gases held in 
solution in the water in its natural state ; 2d, the bodies held 
in solution by the gas, and rendered insoluble by evapora- 
tion; and 3d, bodies which are permanently soluble, and 
therefore redissolved when the dry residue is treated with 
pure water. The qualitative analysis of each class is con- 
ducted in the following manner : — 


I. For the Gases evolved. 


Into the gas contained in a jar over mercury introduce a little solu-- 
tion of potash free from carbonate. 




r 

Absorbed — carbonic acid and sul- 
phuretted hydrogen. Test the 
original water with lime-water 
for carbonic acid, and with 
acetate of lead for sulphuretted 
hydrogen, (pp. 123. 150.) 


Not absorbed by potash — oxygen 
and nitrogen : introduce a stick 
of phosphorus. 


Oxygen is ab- Nitrogen re- 

sorbed. mains. 


II. For the Bodies rendered Insoluble by 
Evaporation. 

Treat the matter with pure hydrochloric acid, and eva- 
porate the solution to dryness. Reserve a small portion of 
the residue to test for fluorine^ by heating it with sulphuric 
acid in contact with glass (see page 124.), and treat the re- 
mainder with dilute hydrochloric acid. The insoluble residue 
is silica. The examination of the solution filtered from the 
silica is conducted according to the following Table. 


Q 



ExaminaHon of the Sciution in Hydrochloric Acid of the Precipitate formed on Ebullition, 

The second solution in hydrochloric acid may contain lime, magnesia, strontian, Uthia, phosphate of alumina, oxide of iron (potash and soda). 

(Liebig; Handworterhuch,) 

Add excess of ammonia to the solution, and filter. 
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trate of lime. This earth is cine the dry mass, 

strontian, separated from The residue con- 

barytes by sul- sists of sulphates 

phuric acid. of the alkadies. 
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III. Examination of the Bases in the Solution 

FILTERED FROM THE PRECIPITATE PRODUCED BY 

Ebullition. 


This may contain lime, magnesia, potash, soda, and lithia. 


If lime is present, oxalate of ammonia gives a white precipitate of 
oxalate of lime. Filter the solution from the precipitated oxalate, and 
add phosphate of ammonia and a little free ammonia to test for magne- 
sia, which should . luce a white precipitate of phosphate of magnesia 
and ammonia, if tnagnesia is present. 


. To another portion of the water add a solution of caustic barytes. 

^ . 


^ 

The precipitate 
contains 
magnesia, 
lime, and 
sulphate of 
barytes. 


The filtered solution contains lime, barytes, and alka- 
lies : add carbonate of ammonia to it. 


The precipi- The solution contains aramoniacal salts, 
tate is car- jiotash, soda, and lithia. Evaporate 
bonate of to dryness, and calcine the dry mass 

lime* and to expel ammoniaeal salts ; the re- 

carbonate sidue consiste of alkaline chlorides, 
of barytes. Dissolve it in water, and test the 
solution with chloride of platinum, 
tartaric acid, and antimoniate of 
potash, and examine a portion of the 
dry salts by the blowpipe. 


To discover lithia^ a large quantity of the water should 
be evaporated to dryness, the residue dissolved in a small 
quantity of water, and filtered to separate the insoluble 
portion. To the solution, phosphate and carbonate of soda 
are added, the mixture is evaporated to dryness, and the 
residue treated with water, when, if lithia is present, this 
alkali remains undissolved, in the state of phosphate of lithia 
and soda. 


IV. Examination for Acids. 

First Portion. Carbonic acid and sulphuretted hydrogen. 
— If the water, fresh from its source, feebly reddens 
blue litmus paper, and the colour of the paper is re- 
stored on gently heating it, this indicates the presence 
of carbonic cLcid. Lime-water then occasions a pre- 
cipitation of carbonate of lime. 
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Carbonic acid may exist in three different states in mineral 
waters. 1st, as the free uncombined acid dissolved in the 
water; 2d, holding in solution earthy carbonates; and 3d, 
combined with potash or soda as bicarbonates. These dif- 
ferent states may be distinguished by the following cha- 
’ racters: — 1st. If the precipitate of carbonate of lime 
produced in the water by the addition of a small quantity 
of lime-water is redissolved by an excess of the mineral 
water, it contains the uiicombined acid. 2d. If, on the 
contrary, the precipitated carbonate of lime does not dissolve 
in any excess of the water, and during ebullition a preci- 
pitate is formed which effervesces with acids, the carbonic 
acid is combined with earthy carbonates. 3d. If no preci- 
pitate is formed while the gas is evolved by ebullition, and 
the solution becomes strongly alkaline, effervescing with 
acids, alkaline bicarbonates existed in the original water. 

Sulphuretted hydrogen is detected by the black precipitate 
produced by salts of lead or copper, and by the nauseous 
odour possessed by the water. If, after boiling for a con- 
siderable period, a black precipitate is still produced by the 
metallic solutions, alkaline sulphurets are contained in the 
water. 

Second Portion. For sulphuric and hydrochloric acids. — 
Hydrochloric acid is shown by the white curdy preci- 
pitate produced by nitrate of silver, insoluble in nitric 
acid, but soluble in ammonia, (page 141.) To the 
solution filtered from chloride of silver add a solution 
of nitrate of barytes and a little nitric acid; a white 
precipitate indicates sulphuric acid, (page 132.) 

Third Portion. Iodine and bromine. — Evaporate a large 
quantity of the water to a very small bulk, and divide the 
residue into two portions. With one mix a little starch, 
and allow chlorine gas to fall on the surface of the liquid 
from a bottle of chlorine water. If a trace of iodine 
exists, it will be immediately recognised by the blue 
colour produced, (page 148.) 

To discover bromine^ add a little chlorine water to the other 
portion: if this’ element is present, a brown colour is developed. 
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which is removed by agitation with ether. On standing 
for some time, the ether rises to the top, carrying with it 
all the bromine ; add potash to the ethereal solution, eva- 
porate to dryness, redissolve in water, and apply other tests 
for bromine, (page 145.) 

Fourth Portion. For nitric and boracic acids, — Eva- 
porate to dryness. If nitric acid is present, the dry 
salt deflagrates when heated strongly and touched with 
a glowing match, (page 154.) 

When the dry residue is moistened with alcohol and a 
little sulphuric acid, if the alcohol burns with a green flame, 
boracic acid is present, (page 122.) 

Fifth Portion. For sulphurous acid, — This acid is recog- 
nised by the action of iodic acid, (page 133.) Strong 
sulphuric acid causes an effervescence of sulphurous acid 
gas from a concentrated solution. 

Sixth Portion. For phosphoric acid, — Sulphate of mag- 
nesia mixed with a little free ammonia causes a white 
crystalline precipitate of phosphate of magnesia and 
ammonia, (page 127.) 

Seventh Portion. For organic acids (crenic> apocrenic, 
and piiteanic). — The dry residue of evaporation becomes 
carbonized when heated to redness, if it contains organic 
bodies. 

To the preceding extended examination I subjoin a plan 
of a simpler and more cursory one, which will, in many cases, 
afford sufficient information on the nature of the water. 

Different quantities of water are to be used for each test. 

1. Oxalate of ammonia or binoxalate of potash is applied 
as a test for the presence of lime, (page 53.) 

2. Phosphate of soda with some free ammonia, is next 
applied as a test for magnesia, (page 54.) 

If oxalate of ammonia and phosphate of soda with ammonia 
give precipitates before (but not after) ebullition, the lime 
and magnesia exist entirely as carbonates. 

3. Yellow or red prussiate of potash gives a blue preci- 
pitate it iron is present. If the water is carbonated, and 
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has been boiled, a few drops of hydrochloric acid should be 
added to redissolve the precipitate formed on ebullition. 

4. Tincture of nut-galls, with a few drops of lime-water, 
gives a blackish brown colour, when a very minute quantity 
of iron exists in the water. If this tincture and prussiate 
of potash give indications of iron after boiling for half an 
hour, when no acid has been added, the iron does not exist 
solely in the state of carbonate. 

For carbonic acid apply the tests of litmus and of lime- 
water ; for sulphuretted hydrogen^ that of acetate of lead ; for 
sulphuric acid^ that of chloride of barium ; and for hydrochloric 
acidy that of nitrate of silver. 

These directions for the qualitative analysis of mineral 
waters do not, however, indicate the actual salts which are 
present as they exist, but only their respective acids and 
bases. The arrangement of these in the water can seldom 
be determined by any process of qualitative analysis, except 
by the application of a rule, which is not without exceptions, 
that the strongest acids are in combination with the strongest 
bases. But when the quantitative analysis of the water has 
been performed, the arrangement of the acids and bases can 
generally be ascertained with tolerable accuracy, from the 
difference which exists in the combining numbers of bodies. 
Thus, the quantities of sulphuric acid required for neutra- 
lization by the two bases, magnesia and potash, differ con- 
siderably ; so that an amount of sulphuric acid having been 
found which is equivalent to the magnesia, and not to the 
potash, the former, and not the latter, is concluded to be in 
the state of sulphate. Another acid will probably be found 
whose amount will correspond to that of the potash, with 
which therefore the alkali was probably united. 
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CHAPTER VIL 

ON THE USE OF THE MOUTH BLOWPIPE IN .QUALI- 
TATIVE ANALYSIS.* 


SECTION I. 


BLOWPIPE MANIPULATIONS, AND GENERAL REMARKS ON BLOWPIPE 

ANALYSIS. 

From its ready application, manageability, and general 
convenience, and from the highly characteristic results ob- 
tained by it with several chemical substances, the blowpipe 
is of great value to the chemist, as a means of confirming 
results previously obtained or afterwards to be sought in 
humid analysis. By its means, the temper- 
ature of a small quantity of a substance .can 
be raised almost instantaneously to a white 
heat. Now when this is done in different 
ways, as in a closed tube, in an open tube, 
alone or mixed with other bodies, or in dif- 
ferent parts of the flame, positive conclusions 
are attained respecting the nature of the 
bodies operated on. 

This little instrument is simply a tube 
open at both extremities, the aperture in one 
being contracted so as to become capillary, 
through which a small stream of air is forced 
upon a flame. It would be out of place 
here to enter into details respecting the 
construction of the various kinds of blow- 
pipes. A very convenient one is Voigt’s. 


Fig, 11. 



• For more minute instructions in blowpipe analysis, the reader is referred 
to an excellent treatise on that subject by Professor Plattner, of which an 
English translation by Dr. Muspratt has recently appeared.. 
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which is represented in the preceding cut (Jig.W.). It con- 
sists of a brass tube, with an ivory mouth-piece 
a, at one extremity, and at the other a circular 
box i, from which issues the small tube c, 
moveable round the centre d, by which any 
degree of obliquity may be given to the 
flame: ^ is a brass or platinum jet, which 
fits on the tube c. The only inconvenience 
attending this form is, that the tube c be- 
comes loose by long usage. Griffin’s {Jig. 12.), 
which is of the same construction as Black’s, 
is a cheaper and equally efficient instrument. 
It is made of japanned tin, with a brass nozzle. 

As the current of air which is supplied ought to be con- 
tinuous, its production requires some attention and address. 
The air is not blown directly from the lungs, but is forced 
from the mouth by means of the cheeks. The difficulty con- 
sists in inspiring and expiring through the nose, while a con- 
tinued stream escapes from the mouth. This may be attained 
by attention to the following directions : — Inflate the mouth 
fulfy, and then, with the lips firmly closed, and the back of 
the mouth closed by the tongue, breathe freely through the 
nostrils. While tlic respiration proceeds, and the mouth 
is inflated, allow a little air to escape through a very minute 
opening between the lips, renewing the supply in the mouth 
by occasionally admitting air from the lungs without in- 
terfering with the process of respiration through the nose. 
A little practice renders the operation easy. 

The effect of this current of air through a flame is to cause 
a double combustion : the interior, which before could not 
14. burn for want of air, now burns 

by means of the air forced through 
f the blowpipe; the external atmo- 
sphere supplying air for the com- 
bustion of the exterior of the 
flame as before. This will be 
more apparent by. reference to 
the annexed figures. Fi^. 13. 
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represents a section of the ordinary flame of a candle : the 
interior cone (ah) is composed of combustible vapours or 
gases formed from the tallow, prevented from burning by 
having no access to the air, combustion taking place only on 
the exterior ft, where the vapour is in contact with the atmo- 
sphere. Let air be admitted into the interior, as is done by 
the blowpipe, and these gases and vapours are burned, as they 
are on the exterior : the flame has then the appearance of Jig. 
14., a representing the interior portion of the flame where 
combustion takes place. Between the points b and c inflam- 
mable gases, still unburned, exist. Now this portion of the 
flame possesses properties very different to those possessed by 
the portions either beyond or within it. If oxide of copper 
is heated in this portion, oxygen is abstracted from the oxide 
by the combustible gases (which at this high temperature ex- 
hibit an intense affinity for oxygen), and metallic copper is 
produced : on the other hand, if metallic copper is heated be- 
yond the point c, it is again oxidated, the oxygen being now 
supplied from the external atmosphere. From possessing such 
different projierties, these portions of the flame are called the 
oxidating and the deoxidating flames. The latter is also called 
the reducing flame. The chief oxidating effect is, however, 
produced beyond the flame; and this action is greater the 
farther the substance is from it, provided the temperature be 
maintained sufficiently high. 

The apparatus to be used with the blowpipe can be but 
briefly described here. For a flame, where coal-gas is avail- 
able, that is to be preferred : the aperture of the burner is 
made of an oblong shape, instead of round, the current of 
air being blown lengthways. A candle having a large wick 
may also be employed; but it is inconvenient, from the 
melting of one side, by the bent flame and by the radiant heat 
of the ignited substance mider examination. The blowpipe 
oil-lamp recommended by Berzelius consists of a tin cylinder, 
about one inch in diameter, and four inches long, having aflat 
wick about three quarters of an inch broad. It is supported 
at one end by a retort-stand. 

Various supports are used to hold the substance while 
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exposed to the blowpipe flame, depending on the object of the 
operation to which the matter is submitted. When heated 
alone, a pair of tongs or forceps, having small platinum points, 
a piece of platinum foil held by forceps, a platinum capsule, 
or a piece of dense charcoal, may be used. When heated 
with fluxes, as borax or microcosmic salt, a piece of small 
platinum wire is usually employed, bent twice at right angles 
at one extremity, to retain the fused globule : a piece of char- 
coal or a bone-earth cupel is also employed for this purpose. 
Glass tubes, open or closed at one end, are used when it is 
suspected something volatile may be given off. None but hard 
German glass should be used for blowpipe experiments. 

The principal operations to be performed are, — 

1st, heating the substance in a glass tube sealed at one 
end ; 

2nd, in a tube open at both ends ; 

3rd, upon charcoal ; * 

4th, between the platinum points of a pair of forceps, or 
upon a piece of platinum foil ; and, 

5th, with fluxes or other reagents. 

The chief objects of the first operation are, to ascertain 
whether a sublimate occurs, or whether the substance contains 
any volatile matters; whether decrepitation takes place; 
whether the volatile products possess an acid or an alkaline 
reaction, or are neutral ; whether the substance becomes black 
on being heated, showing the presence of organic matter ; and 
the degree of fusibility of the substance. The tubes employ- 
ed should be about two or three inches in length, and from 
one eighth to one fourth of an inch in diameter. The body 
under examination may occasionally require to be mixed with 
some reagent, as bisulphate of potash or charcoal. 

The second operation is done with a view of ascertain- 
ing what effect a current of atmospheric air has on the 
substance at a high temperature ; to see if a sublimate is 
produced ; and^ if so, whether similar to that in the glosed 
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tube; and whether any peculiar odour is developed. By 
inclining the tube more or less, we have the means of regu- 
lating the current of air which passes : if heated when held 
nearly horizontal, very little air passes through, but the air 
increases in proportion as the tube is held more and more 
vertical. Some substances afford a sublimate in this operation, 
which do not in the first. 

In the third operation, that of heating the substance alone, 
in a small cavity cut in a piece of charcoal, it is to be particu- 
larly observed: 1st, whether the substance fuses; 2nd, whether 
it disengages a peculiar odour (from which the presence of sul- 
phur, arsenic, and selenium is ascertained), both in the exterior 
and interior fiames *; 3rd, whether the substance contains a me- 
tallic compound easy of reduction ; 4th, whether the charcoal 
becomes covered with a white or coloured sublimate, indicating 
the presence of certain volatile metals (as zinc, cadmium, an- 
timony, bisniutli, &c.) ; and, 5th, whether the substance, after 
strong calcination, affects moistened test-paper, in the manner 
of alkalies. 

In fourth operation, several objects arc also to be kept 
in view. The degree of fusibility of the substance is ob- 
served ; for which purpose a comparative scale has been esta- 
blished, consisting of the following minerals, in the order of 
their fusibility, beginning with the least fusible : sulphuret of 
antimony^ natrolite^ garnet^ hornhhnde^ felspar^ and diallage. 
The changes exhibited by the substance must be noticed, as 
change of colour, intumescence, or deflagration. It must be 
ascertained whether the substance appears the same in the 
reducing as in the oxidating flame, and whether any volatile 
matters are evolved. An important object is to ascertain 
whether the substance produces any change on the colour of 
the blowpipe flame. The change, if any, is best seen when 
the matter just touches the flame at the top, about the middle 
of its length. In this operation, if the substance is in small 

• Sulphur and selenium are best detected in the exterior flame, and arsenic 
in the interior. 
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fragments or splinters, it. is usually held by a pair of forceps 
having small platinum points; if in powder, it may be 
kneaded into a stiff paste, with a little water, and be heated 
upon a piece of platinum foil. 

operation consists in treating the substance with 
reagents. Except in a few particular cases, the only reagents 
employed are, borax, microcosmic salt, and carbonate of soda ; 
or a mixture of carbonate of soda with cyanide of potassium.* 
The object of heating with the first two, is to see whether the 
substance dissolves ; and, if so, what colour glass results both 
in the interior or reducing, and in the exterior or oxidating, 

P flame. A platinum 

^ wire, bent as in the 
annexed figure, is generally employed in this operation for 
borax ; but as microcosmic salt gives a very fluid bead when 


* Borax is fit for use in blowpipe experiments if its solution affords no preci- 
pitate with carbonate of soda, nor, after being mixed with nitric acid, with 
nitrate of barytes or nitrate of silver. If these reagents afford indications of 
the presence of impurities, the borax is purified by re-crystalliration. The 
water of crystallization is expelled by heating the crystals in a crucible, the 
temperature not being raised high enough to effect the igneous fusion. The 
spongy mass thus obtained is preserved for use. It should give a perfectly 
clear and colourless bead when melted on the platinum wire. 

Microcosmic salu wliich is the double phosphate of soda and ammonia, is 
prepared by dissolving together in a small quantity of water 100 parts of crys- 
tallized phosphate of soda, and 1 6 parts of muriate of ammonia ; crystals of 
common salt separate, and the decanted liquid may be evaporated to crystal- 
lization. The crystals thus obtained are still further freed from common salt by 
re-cryst:illization. When strongly heated, microcosmic salt parts with water of 
crystaliization and with ammonia; the remaining phosphate (metaphosphate) of 
soda fuses to a clear glass, which possesses a powerful solvent action on most me- 
tallic oxides. 

The carbonate of soda obtained by heating the bicarbonate of soda of commerce 
to dull redness, for a short time, is fit for use in blowpipe experiments. It 
should be free from sulphate of soda. Carbonate of soda is used both as a 
solvent and as a means of assisting the reduction of metallic compounds in the 
interior blowpipe flame. For the latter purpose, a mixture of equal parts of 
carbonate of soda and cyanide of potassium is in general decidedly superior to 
carbonate of soda alone. Cyanide of potassium is prepared by heating to red- 
ness, in a closed crucible, a mixture of three parts of dry carbonate of potash 
and eight parts of yellow prussiate of potash, previously rendered quite 
anhydrous by being moderately heated. This mixture is resolved, at a high 
temperature, into cyanide of potassium, cyanate of potash, and metallic iron ; the 
two former, being in a fluid state, may be poured out together, upon a clean 
slab, or into a porcelain bason ; the iron remains in a pulverulent state at the 
bottom of the crucible. The presence of cyanate of potash does not interfere 
with the applications of cyanide of potassium in blowpipe analyses. 
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heated, a few additional bends must be made when this salt 
is used, to prevent the melted drop from falling. Instead of 
the platinum wire, charcoal may be used to support these 
fluxes. In all cases, a perfectly clear bead must first be ob- 
tained of the flux alone : a small particle of the substance is 
then stuck to the bead by being moistened, and the bead again 
melted. If the substance dissolves without communicating 
any colour to the bead, the effect of adding another smaU 
particle should be observed. If the bead is of so dark a 
colour as to appear black, it should be drawn out, while soft, 
to a long thread, in which the colour may be easily discerned. 

In fusing a substance with carbonate of soda, the principal 
objects are, to ascertain whether the substance gives a re- 
duced metal upon charcoal, and whether it is soluble in the 
fused carbonate, gfving a glciss^ or insoluble, giving a slag. 
For the detection of a few substances, the colour of the bead 
is also to be observed : thus, compounds containing sulphur or 
sulphuric acid arc recognised by affording, with carbonate of 
soda, in the reducing flame, a bead of a yellow, red, or brown 
colour ; and compounds of manganese, by affording, with the 
same reagent, in the exterior flame, a bead of a green colour. 

A bent platinum wire is sometimes employed as the 
support for carbonate of soda, the powder being mixed with 
a little water to form a paste, which is placed with the sub- 
stance on the end of the wire, and moderately heated until 
quite dry, when it is strongly heated, first in the exterior, and 
afterwards (if manganese is not the substance sought) in the 
interior flame. ' In applying this test for manganese, a plati- 
num wire is the projier support; but in all cases where a 
substance is to be exposed to a reducing flame with carbonate 
of soda, charcoal is by far the best support for the mixture. 
A dense piece should be selected, and a cavity made in it, 
from one third to one half of an inch in diameter, bored to 
about one eighth of an inch in depth. The carbonate of soda, 
in fine powder, is kneaded into a lump with a little water, 
mixed with the substance for examination, and placed in the 
charcoal cavity. The mixture is first dried at a moderate 
heat, and is then strongly^ heated for some time, a little within 
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the point of the reducing flame ; or, if the object is merely to 
ascertain whether the substance dissolves or not in the melted 
soda, the mixture is heated in the oxidizing flame. To dis- 
eovernvhcther a reduced metal has been formed by the heating, 
the bead, when cold, is removed from the charcoal, and 
powdered with a little water, in an agate mortar. The par- 
ticles of charcoal and soda are washed away by affusion, while 
any metallic particles present subside to the bottom, and 
may be further examined as to colour, malleability, &c. 

If the substance under examination is a sulphuret, it should 
be roasted or oxidized in the exterior flame before being exposed 
to the interior flame. When, however, a mixture of carbon- 
ate of soda and cyanide of potassium is employed, instead of 
carbonate of soda alone, the roasting or oxidation of sulphurets 
previous to their reduction is unnecessary, as cyanide of 
potassium possesses the property of reducing sulphurets as 
well as oxides. The mixture of carbonate of soda and cya- 
nide of potassium may be heated on a charcoal support, in 
the same manner as carbonate of soda only. 

The other reagents occasionally used in blowpipe analyses 
are, a solution of nitrate of cobalt, bisulphate of potash, and 
nitre. 

The solution of nitrate of cobalt is used principally for 
the detection of alumina, magnesia, and oxide of zinc. Alu- 
mina;. when moistened with the solution of cobalt, and mode- 
rately heated in the oxidizing flame, acquires a fine blue 
colour ; magnesia, in the same circumstances, becomes rose- 
red; and oxide of zinc, bright green. Silica and minerals 
containing lime or an alkali, when strongly heated with solu- 
tion of cobalt, also acquire a blue tinge, but which is 
considerably inferior in intensity to that acquired by alumina. 
If the mineral to be tested by the solution of cobalt is slightly 
porous, a splinter of it may be moistened with the solution, 
and held before the flame between the platinum points of a 
pair of forceps. If the mineral is not porous, but crystalline, 
it is reduced to fine powder, kneaded into a paste with water, 
and heated to redness upon a piece of charcoal 

Fusion of a mineral with bisulphate of potash or nitre. 
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before the blowpipe, is sometimes practised in order to obtain 
certain constituents of the mineral in an oxidized and soluble 
form. The solution of the fused mass in water or an acid is 
tested for various substances in the humid way. The fusion 
with either of these reagents may be conducted on a small 
platinum spoon. 

In the Tables which immediately follow, are exhibited the 
most remarkable of the phenomena which metallic oxides 
present before the blowpipe ; then the characters of some 
acids (in combination) arc described ; after which tabular 
views are given of the successive operations (with their sub- 
divisions) which are to be performed, and appearances to be 
looked for, in the examination of an unknown substance; 
when, by following the processes of the latter Tables, a clue 
to the nature of the substance is obtained, the result should 
be confirmed by examining whether it possesses all the cha- 
racters which belong to that substance, as contained in the 
former Tables. 
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SECTION II. Behaviour op 
I. Alkalies 



Alone. 

Colour of Flame 
produced by moist 
soluble Salts. 

With Borax. 

f 

Potash. 

Fusible. 

Faint reddish or 
violet, if no 
soda is present. 

The red glass of 
borax and ox- 
ide of nickel is 
changed to 

blue. 

Soda. 

Fusible. 

Intense yellow 
(characteristic). 

The retf glass of 
borax and 

nickel is not 
changed to blue. 

Lithla. 

Fusible. 

Crimson (see 

page 50.). 


Ihirytes. 

i 

Infusible. The 
hydrate and 
carbonate are 
fusible. 

Pale apple green. 
(Only for an 
instant ) 

Colourless trans- 
parent bead ; 

1 opaque if satu- 
rated. 

Strontian. 

Ditto. 

Intense crimson 
(characteristic). 

Ditto. 

Lime. 

! 

Infusible^ gives a 
strong light. 

Reddish purple. 

Ditto. 
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Substances before the Blowpipe. 
AND Earths. 


With Microcosmic 
Salt. 

With Carbonate of Soda 
on Charcoal. 

Colour obtained with 
Solution of Nitrate of 
Cobalt (in the oxidizing 
flame). 










A colourless bead, 
which becomes 

opaque when cold, 
if saturated. 

Is dissolved, and is 
then absorbed by 
the charcoal.” 

Brick or yellowish red 
while hot ; colour- 
less when cold. 

Ditto. 

i 

Caustic strontian is 
not dissolved ; but 
the carbonate is, 
and is absorbed by 
the charcoal. 

Black or grey. 

Ditto. 

Not dissolved ; the 
soda is absorbed by 
the charcoal. 

Ditto. 


R 
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Alone. 

Colour of Flame 
produced by moist 
soluble Salts. 

With Borax. 

Magnesia. 

No change. 


Ditto. 

Alumina. 

Ditto. 


A colourless glass^ 
which remains 
so when cold. 

Glucina and 
Yttria. 

Ditto. 


I 

A transparent 

glass ; which 
becomes milky 
by being cool- 
ed. 

Zirconia. 

Infusible^ gives a 
very powerful 
light. 


Ditto. 
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With Microcosmic 
Salt. 

With Carbonate of Soda 
on Charcoal. 

Colour obtained with 
Solution of Nitrate of 
Cobalt (in the oxidizing 
Flame). 

Ditto. 

No action. 

Flesh colour after 
strong heating (cha- 
racteristic). 

A transparent glass ; 
which becomes 

slightly opaque if 
an excess of alu- 
mina is added. 

An insoluble com- 
pound is formed, 
and the excess of 
soda is absorbed. 

A fine azure (cha- 
racteristic). The 

colour is distinct 
only when cold and 
in daylight. 

As with borax. 

No action. 

Greyish black. 

Scarcely transparent 
when cold. 

Ditto. 

Ditto. 
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11. Oxides of 



Alone. 

With Borax on the Platinum j 
Wire. j 


Oxidating 

Reducing 

1 

Oxidating 1 

Reducing 


Flame. 

Flame. 

Flame. | 

Flame. 

Anti- 

Sublimes, giving a green- 

1 ! 

Yellow glass ! Grey at first, | 

mony, 

oxide 

of. 

ish blue flame ; is re- 
duced on charcoal in 

while hot ; 
colourless | 

from par- I 
tides of re- j 

the interior flame. 

when cold. 1 

duced metal,! 

The charcoal acquires 


which are 


a white coating. 


afterwards 


j 

i 

1 

volatilized. 

! 


Oxides of antimony and tin are often obtained together in the course of 
pipe test. The substance suspected to contain one or both of these 
and the mixture is exposed on charcoal to the blowpipe reduction 
which is deposited on the charcoal, antimony is present. But if the 
and the reduced metal is found to be malleable when the mass is 
tin may be inferred. 


Biriiimth, 

Fusible ; dark brown 

A faint yellow 

Grey, from 


oxide 

while hot, yellow when 

glass while 

particles of 


of. 

cold on wire. Reduced 

hot, which 

reduced 


on charcoal. (See with 
Carbonate of Soda.'') 

is nearly 
colourless 
when cold. 

1 

metal. 









The metal with which bismuth is most liable to be confounded, in 
by the following differences in their blowpipe characters; the sub- 
oxide of antimony is white; oxide of bismuth is deposited farther 
bismuth communicates no colour to the flame, while oxide of anti- 
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Metalr Proper. 


With Microcosmic Salt on the Platinum 
Wire. 


With Carbonate of Soda. 


Oxidating Flame. 


Reducing Flame. 


A faint yellow glass ; 
which is colour- 
less when cold. 


As with borax. 


A colourless glass on the 
wire. Reduction takes 
place on charcoal. 

The reduced metal is 
very fusible and 

brittle, and disengages 
a white smoke of oxide 
when heated in the 
air. 


qualitative analysis, and are distinguished from each other by a blow- 
oxides is mixed with cyanide of potassium and carbonate of soda, 
flame. If metallic globules appear, which disengage a white smoke, 
whole or portions of the metallic globules remain after long blowing, 
washed with water in an agate mortar (see page 238.), the presence of 


As with borax. i Reduced on charcoal. 

The reduced metal is 
j brittle ; if heated on 

j charcoal it gives a 

I yellow coating of ox- 

ide. 


blowpipe experiments, is antimony. These metals are distinguished 
limate of oxide of bismuth deposited on charcoal is yellowish, that of 
from the particles of metal than oxide of antimony ; and oxide of 
mony imparts to the flame a greenish blue colour. | 


R 3 
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Alone. 

With Borax on the Platinum 
Wire. 



Oxidating 

Flame. 

Reducing 

Flame. 

Oxidating 

Flame. 

Reducing 

Flame. 


Cadmium, 

oxide 

of. 

Unchanged 
on plati- 
num foil. 

On charcoal 
is reduced 
and vola- 
tilized; 
the char- 
coal ac- 
quiring 
an 

orange, 
red coat- 
ing, 

which is 
best seen 
when 
cold. 

A yellowish 
glass nearly 
colourless 
when cold. 
If much ox. 
cadmium is 
present, the 
glass is 

milky. 

On charcoal 
the ox. cad- 
mium is re- 
duced and 
volatilized ; 
the charcoal 
acquiring 
an orange- 
red coating. 


Cerium, 

oxide 

of. 

The peroxide becomes 
converted into the pro- 
toxide in the reducing 
flame. Unchanged in 
the oxidating flame. 

A red or orange 
glass when 
hot, pale 
when cold. 

1 

Colourless, or 
nearly so ; 
milk white 
if saturated. 


Chroini- 
ui/j, ox- 
ide of. 

No change. 

Yellow or red 
while hot, 
green when 
cold. 

Green, both 
when hot 
and when 
cold. 



When any substance containing oxide of chromium is fused with nitre, 
forming a yellow solution. (See page 114.) 


Cobalt, 

Not changed. 

A deep blue glass, in both 

oxide 


flames, sometimes so dark as 

of. 


to appear black. This test 



for cobalt is highly charac- 



teristic and delicate. 


QUALITATIVE ANALYSIS. 


247 



With Microcosmic Salt on the Platinum 

Wire. ! 

With Carbonate of Soda. 

Oxidating Flame. 

Reducing Flame. 

A transparent glass, 
which becomes 
milky when 

cooled, if satu- 
rated with ox. 
cadmium. 

1 

1 

Reduction takes place 
slowly. 

Not dissolved on plat, 
wire. On charcoal it 
is reduced, and cad- 
mium is volatilized. 
The charcoal acquires 
a reddish brown coat- 
ing (characteristic). 

As with borax. 

Colourless. 

Not dissolved : the soda 
is absorbed, and the 
protoxide remains on 
the charcoal. 

Reddish while hot, green when cold, in both 
flames (characteristic.) 

In oxidating flame on 
the wire, a dark 
orange glass when 
hot, opaque when 
cold. In reducing 
flame, opaque, becom- 
ing green on cooling. 

yellow chromate of potash is formed, which dissolves in water, 


As with borax. 

Reduction takes place on 
charcoal. 
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Alone. 

With Borax on the Platinum 
Wire. 



Oxidating 

Flame. 

Reducing 

Flame. 

Oxidating 

Flame. 

Reducing 

Flame. 


Copper, 

oxide 

of. 

The bromide and chlo- 
ride of copper give a 
blue flame; most other 
salts give a green 
flame. 

A green glass 
while hot, 
which be- 
comes blue- 
ish on cool- 
ing. 

A brownish 
red glass ; 
the colour is 
increased by 
the addition 
of tin. 



Fuses. 

Reduced, 
giving a 
red mal- 
leable 
metal. 




Iron, per- 
oxide 
of. 

Not 

changed. 

Blackens 
and be- 
comes 
magnetic. 

A yellow or red 
glass while 
hot, which 
becomes 
pale on be- 
ing cooled. 

A bottle-green 
glass, which 
becomes 
light green 
on the ad- 
dition of tin. 


Lanta- 

num, 

oxide 

of. 

Not changed. 

The oxide dissolves, forming a 
colourless, or very faint rose 
coloured bead. 


Lead, ox- 
ide of. 

1 

Fuses and gives a clear 
blue tint to the flame ; 
is reduced on charcoal 
to a metallic globule, 
which slowly sublimes, 
giving a yellow de- 
posit on the charcoal. 

A yellow glass, 
nearly co- 
lourless 
when cold. 

Reduction 
takes place. 
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I 


With Microcosmic Salt on the Platinum 

Wire. 

1 

With Carbonate of Soda. 

Oxidating Flame. 

Reducing Flame. 


As with borax. 

A dark green glass 
while hot, which is 
opaque and reddish 
brown when cold. 

On the plat, wire, the ox- 
ide dissolves, forming 
a green glass when hot, 
which is colourless and 
opaque when cold. Re- 
duction takes place on 
charcoal, a red mal- 
leable metal being 
formed : the mass 
should be triturated 
with water in a mortar 
(see page 238.). 

As with borax. 

A reddish or^greenish 
glass when hot, 
which is almost co- 
lourless when cold. 

Reduced on charcoal, 
giving a magnetic me- 
tallic powder. 

As with borax. 

Not dissolved : the soda 
only is absorbed by the 
charcoal. 

As with borax. 

A transparent glass on 
the wire, which is 
yellow and opaque 
when cold. Reduction 
readily takes place on 
charcoal : the metallic 
bead is recognised by 
its colour, softness, 
and malleability. 
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Alone. 

With Borax on the Platinum 
Wire. 


Oxidating Reducing 

Flame. Flame. 

Oxidating 

Flame. 

Reducing 

Flame. 

Manga- 

nese^ 

oxides 

of. 

Infusible. Protoxide 

becomes brown. 

An amethyst 
glass, some- 
times so 
dark as to 
appear 
black. 

The coloured 
bead be- 

comes co- 
lourless. 

Borax, microcosmic salt, and carbonate of soda are both characteristic 
soda is the best of the three. It is said that when manganese is 
cannot be detected by borax, but is by caustic soda. (M. Hermann.) 

Molybdic 

acid. 

It fuses, giving a smoke 
in the open inclined 
tube and on the pla- 
tinum foil. Is re- 
duced with difficulty 
on charcoal. 

A yellowish or 
reddish glass 
while hot, 
which is co- 
lourless or 
opaline 
when cold. 

Abrownish red 
glass on 

charcoal. 


Nickel, 
oxide of. 

No change. 

Violet when 
hot, and 

reddish 
brown or 
orange red 
when cold. 

Grey, from re- 
duced metal. 

Silver, 

oxide 

of. 

Reduction takes place im- 
mediately. 

1 

Partly reduced 
and partly 
dissolved. 
The glass is 
milk-white 
or opaline 
when cold. 

j 

Grey from re- 
duced metal. 
The parti- 
cles of metal 
slowly ag- 
gregate and 
j leave a clear 
bead. 
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With Microco^mic Salt on the Platinum 
Wire. 

With Carbonate of Soda. 


Oxidating Flame. 

Reducing Flame. 


As with borax. But the coloured bead is 
decolorized in the reducing flame sooner 
than with borax. 

On the platinum wire, in 
the outer flame, the 
green manganate of 
soda is formed. The 
action is accelerated by 
the addition of nitre. 


and delicate tests for the compounds of manganese^ but carbonate of 
accompanied by much of the oxides of cerium and lantanum, it 


A colourless or 
yellowish green 
glass. 

A dark blue or black 
glass when hot, 
which becomes 

green when cold. 

Is dissolved on the pla- 
tinum wire, forming a 
clear glass, which be- 
comes milk-white on 
cooling. Reduction 
takes place on charcoal, 
a steel grey metallic 
powder being formed. 


A reddish glass, 
which becomes 
yellow or colour- 
less on cooling. 

As in the oxidating 
flame. The colour 
disappears on the 
introduction of tin. 

Reduction takes place on 
charcoal, with form- 
ation of metallic 
nickel, as a white, 
shining, magnetic 

powder. 


A yellowish glass by 
daylight, which 
is red by candle- 
light ; opales- 
cent, with ox. sil- 
ver in excess. 

As with borax. 

Reduction takes place 
immediately. 
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Alone. 

With Borax on the Platinum 
Wire. 


Oxidating 

Flame. 

1 

Reducing 

Flame. 

Oxidating 

Flame. 

Reducing 

Flame. 

Tellu- 
rium, 
oxide of. 

Gives the flame a green 
colour. Fuses and 

sublimes ; is easily re- 
duced on charcoal, with 
deposition of a white 
coating of oxide. 

A colourless 
glass. 

A grey glass. 

Tantalic 

acid. 

No change. 

A colourless glass, which be- 
comes opaque when heated 
in an intermittent flame. 
(The same in both flames.) 

Tin, ox- 
ides of. 

i 

1 

The pro- 
toxide 
becomes 
peroxide. 

Reduction 
to metal- 
lic tin 
takes 
place 
slowly. 

A colourless 
glass, some- 
times 
opaque. 

On charcoal, 
reduction 
takes place 
slowly. 

Titanium, 
oxide of, I 

Not changed. 

A colourless 
glass, which 
becomes 
opaque on 
cooling. 

The colour of 
the glass is 
first yellow, 
then ame. 
thyst, and 
becomes 
darker on 
cooling. 

Tungstic 

acid. 

Not 

changed. 

Blackens, 
but does 
not fuse. 

A colourless or 
yellow glass, 
which is 
clear and 
colourless 
, or white 
when cold. 

A yellow or 
orange glass, 
which 
becomes 
darker as it 
cools. 
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With Microcosmic Salt on the Platinum 
Wire. 

With Carbonate of Soda. 

Oxidating Flame. 

Reducing Flame. 

As with borax. 1 

1 

A clear colourless glass 
on the wire, which be- 
comes white and 
opaque on cooling. 
Reduction takes place 
on charcoal, with de- 
position of a white 
coating of oxide. 

A colourless glass, which is opaque when 
cold. (The same in both flames.) 

Combination takes place 
with effervescence ; 
but without solution 
or reduction. 

A colourless glass. 

1 

1 

As in the oxidating 
flame. (No re- 

duction.) 

Reduction takes place on 
charcoal, with form- 
ation of a soft and very 
fusible metal. (See 
the method of distin- 
guishing between tin 
and antimony, at page 
244.) 

A yellow or colour- 
less glass while 
hot, which is 
colourless when 
cold. 

A yellow glass while 
hot, which is violet 
when cold. 

The oxide dissolves with 
with effervescence, 

giving a yellowish 
glass, which becomes 
greyish white and 
opaque on cooling. 
No reduction takes 
place on charcoal. 

A very slightly 
yellow glass. 

A very fine blue glass, 
which is rendered 
blood-red by oxide 
of iron. The blue 
colour is restored 
by .tin. 

On the platinum wire a 
dark yellow glass is 
formed, which be- 
comes opaque on 
cooling. Reduction 

takes place on char- 
coal. 
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Alone. 

With Borax on the Platinum 
Wire. 


Oxidating 

Flame. 

Reducing 

Flame. 

Oxidating 

Flame. 

Reducing 

Flame. 

Uranium, 
oxide of. 

The prot- 
oxide is 
converted 
into the 
peroxide. 

It blackens, 
but does 
not fuse. 

A yellow glass. 

A green'glass, 
which is 

blackened 
by an inter- 
mitting 
flame. 

Vanadic 

acid. 

On charcoal^ vanadic acid 
fuses^ and is partially 
reduced. 

A yellow or 
colourless 
glass. 

A brown glass 
when hot, 
which is 

green when 
cold. 

Zinc, ox- 
ide of. 

Gives a strong whitish 
green flame. The 

oxide is slightly yeUow 
while hot (by daylight), 
but white when cold. 
It becomes green when 
heated with solution of 
nitrate of cobalt. On 
charcoal, in the re- 
ducing flame, it is 
slowly reduced, and the 
charcoal is coated with 
a white oxide. 

A transparent 
glass which 
becomes 
milky by an 
intermittent 
flame. 

Reduction 
takes place 
on charcoal : 
the metal 
volatilizes, 
and the 

charcoal is 
coated with 
oxide. On 
the plati- 
num wire 
the trans- 
parent bead 
becomes 
white. 


III. Blowpipe Chaeactees op Acids, oe Electeo- 
NEGATivE Bodies, in combination with Bases. 

Arseniates and arsenites , — When heated on in the 

interior blowpipe flame, arseniates and arsenites the 

characteristic alliaceous odour of arsenic. If these salts are 
mixed with black flux, or else with cyanide of potassium and 




QUALITATIVE ANALYSIS. 


255 


With Microcosmic Salt on the Platinum 
Wire. 

With Carbonate of Soda. 

Oxidating Flame. 

Reducing Flame. 

A yellowish glass 
while hot, which 
is greenish when 
cold. 

A flne green glass. 

Not dissolved. 

As with borax in both flames. 

Dissolves and is absorbed 
by the charcoal. 

A transparent glass, 
which becomes 
translucent on 
cooling. 

As with borax. 

Not dissolved. Is re- 
duced on charcoal, 
which becomes covered 
with a white sublimate 
of oxide. 


carbonate of soda^ and the mixture heated in a glass tube 
closed at one end, a sublimate of metalhc arsenic is formed, 
crystalline in its interior surface. It may be chased up the 
tube, becoming slowly oxidized. If the bottom of the tube 
is cut off, and the sublimed metal heated, it is converted into 
arsenious acid, which condenses as a white crystalline subli- 
mW. (See page 108.) 
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ArseniuretSy or compounds of metallic arsenic with other 
metals. — When arseniurets are heated before the blowpipe, 
in an open inclined tube, the arsenic volatilizes, oxidizes, 
and condenses in crystals as arscnious acid in the cool part of 
the tube. These crystals may then be treated with the usual 
tests for arsenious acid. (See pages 100 and 107.) 

Antimoniurets afford a sublimate of oxide of antimony, 
when roasted in the open tube. When antimoniurets are 
heated on charcoal, the latter becomes covered with a white 
coating of oxide of antimony, not crystalline. 

Borates , — When borates are fused with carbonate of 
potash on charcoal, and the mass moistened with sulphuric 
acid and alcohol, a green flame is generally, but not always, 
produced. If mixed in a finely powdered state with three or 
four times their weight of a flux, of one part of fluor spar 
and four and a half of bisulphate of potash (the mixture 
being moist), borates give a green flame for an instant, when 
held at the point of the blue flame on a platinum wire. 

BromideSy when added to a bead of microcosmic salt nearly 
saturated with oxide of copper, and suddenly heated, commu- 
nicate a blue or greenish blue colour to the flame. If 
heated with bisulphate of potash, in a glass tube sealed at one 
end, bromine vapour is evolved, and may be recognised by its 
yellowish red colour. 

ChlorideSy when treated with the glass of microcosmic salt 
and oxide of copper, as just described, communicate a bright 
blue or purplish blue colour to the flame. 

Fluorides, — Those fluorides which contain water, disengage 
hydrofluoric acid when heated in a glass tube closed at one 
end. All fluorides, when mixed with bisulphate of potash or 
with microcosmic salt previously fused, and heated at the 
lower extremity of an open glass tube, (in contact with the 
flame,) evolve hydrofluoric acid, known by its corrosive action 
on glass, and its property of bleaching Brazil-wood test-paper. 

The presence of silica in a mineral interferes with the de- 
tection of fluorine by the usual test of sulphuric acid, as de- 
scribed at page 124. But an indication of the existence of 
fluorine in such a substance may then be obtained by suo- 
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mltting it to the following operation. A small fragment of 
the mineral is heated to redness upon a piece of platinum foil, 
slipt into a glass tube of about six or eight inches in length, 
open at both ends. The tube is held obliquely, with the 
mineral close to the lower end, and a small blowpipe flame is 
directed into the tube. The moisture thus introduced with 
the flame carries away the gaseous fluoride of silicon from the 
mineral, and condenses in drops in the upper part of the tube. 
These drops, when afterwards evaporated by wJirming the 
tube throughout, leave a white spot, which consists of silica, 
proceeding from the decomposition of the fluoride of silicon 
by the water with which it condensed. (Berzelius.) 

Iodides, when added to a bead of microcosmic salt nearly 
saturated with oxide of copper, and suddenly heated, give 
a fine emerald green colour to the flame. When iodides are 
heated with bisulphate of potash in a glass tube closed at 
one end, iodine vapour is evolved, and may be recognised 
by its purple colour and action on starch, (page 148.) 

Nitrates, — Those wdiich are fusible deflagrate on charcoal. 
Infusible nitrates, heated to redness in a glass tube, give 
off* nitrous \apours. All nitrates give red vapours when 
mixed with bisulphate of potash and heated. 

Phosphates, — The blowpipe tests for phosphoric acid are 
neither very characteristic nor delicate ; therefore the humid 
tests for that acid arc to be preferred. The following 
blowpipe test for a phosphate (sul})hur and arsenic being 
absent) is suggested by Berzelius. The substance is fused 
with boracic acid on charcoal; when fused, tlie extremity 
of a steel wire is introduced into the bead, which is heated 
strongly in the interior flame. Borate and phosphuret of 
iron are formed. On breaking the fused mass (wrap 2 :>ed in 
paper) in a mortar, the phosphuret of iron is perceived, 
having the appearance of a metallic button, which affects 
the magnet and is brittle. 

When the phosphoric acid in a mineral amounts to more 
than three per cent., it is said that it may be detected in 
the , following manner : — A fragment of the inineral is 
moistened with strong sulpjiuric acid, and heated in a dark 
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room at the point of the interior flame, when the outer 
flame acquires a blueish-green colour, distinct from the 
green tints imparted by boracic acid, barytes, and copper. 
The mineral may be held by the platinum forceps. Some 
phosphoric minerals give a green tint to the outer flame 
without being moistened with sulphuric acid. (Fuchs and 
Erdmann.) 

Seleniates and sclenites give the characteristic odour of sele- 
nium, with soda on charcoal, in the interior flame. They 
behave like sulphates with the glass of silica and soda. 

SeleniuretSi in the exterior flame, evolve a strong odour re- 
sembling putrid horse-radish. When seleniurcts are heated 
in the open tube, metallic selenium sometimes volatizes and 
condenses. With the glass of silica and soda, scleniurets 
behave as seleniates and sulphates. 

Silicic acid is characterized by dissolving easily in carbonate 
of soda with effervescence, giving a transparent and colour- 
less bead, which remains transparent when cold, provided 
the carbonate is not in too large a proi)ortion to the silicic 
acid. In a bead of microcosmic salt, silicic acid is almost 
insoluble, and floats about in a collected state as an opaque 
mass in the transparent bead. When silicates are heated 
with microcosmic salt, the bases are generally dissolved, and 
the silicic acid remains undissolved. 

Sulphates. — If a sulphate is mixed with the colourless and 
transparent glass of silica and soda, and the mixture heated 
in the interior flame, the bead acquires a deep yellow or 
red colour, either immediately or on cooling. This test for 
sulphates is, of course, applicable to those only whose bases 
communicate no colour to a glass of silicate of soda: for 
others, the following character may be applied as a test. 
When a sulphate is heated on charcoal, in the reducing 
flame, with a mixture of two parts of soda and one part of 
borax, siilphuret of sodium is formed. The moistened mass 
tarnishes a bright piece of metallic silver; and if wetted 
with a few drops of dilute sulphuric acid, exhales the odour 
of sulphuretted hydrogen. With each of these tests, com- 
pounds of selenium behave in the same way as sulphates ; 
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therefore the absence of selenium should first be proved, by 
heating the substance on charcoal, to discover whether the 
peculiar odour of selenium is exhaled. 

Sulphurets, — When heated in an open inclined tube, sul- 
phurets evolve sulphurous acid gas, which is recognised by 
its odour and by its property of bleaching moist Brazil- 
wood paper. Sulphurets also exhale the odour of sulphu- 
rous acid when heated on charcoal in the exterior flame. 
With the glass of silica and soda, and also with that of 
borax and soda, on charcoal, sulphurets behave like sulphates, 
selcniates, and selcniurets. 

Tellurets give, when roasted in the inclined open tube, a 
sublimate of a white powder, which, when heated, first fuses 
into colourless drops, and then sublimes. 
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SECTION III. 


COURSE OP BLOWPIPE OPERATIONS TO BE PERFORMED ON AN 
UNKNOWN SUBSTANCE. 

First Operation, — The substance is heated in a plass tube, 
sealed at one end. 


(a) Salts volati- 
lized and 
condensed 
on the cool 
part of the 
tube. 


(b) Oxides and 
acies sub- 
limed. 


((?) Acids and 
ammonia 
volatilized. 


(d) Metals volati- 
lized. 


(e) Water. 

(/) Sulphur. 

(Sf) Selenium. 

(^) Organic bodies, 


Most salts of mer- 
cury. 


Oxide of antimony. 
Arsenious acid. 

Arsenic acid. 

Oxide of tellurium. 
Osmic acid. 


’They mostly sublime 

. *11. without decomposition, 

Ammoniacal salts. •< i • 

unless they contain a 

fixed acid. 

’If heated with dry carbo- 

^ r i^ate of soda, mercurial 

Most salts of mer- 1 1 uv * 

^ salts yield a sublimate 

of metallic mercury, 

L (page 94.) 

Many chlorides of fixed oxides. 

.. Sublimes without previous 

Oxide 01 antimony. - ^ . 

^ fusion. 

. . . , Condenses in white octa- 

Arsenious acid. - 111 . i 

hedral crystals. 

‘Becomes converted into 
Arsenic acid. - oxygen gas and arsenious 

acid. 

Oxide of tellurium. Fuses previous to subliming. 

Osmic acid. Recognised by its odour. 


Ascertained by their action on red and blue litmus 
paper. 


Tellurium. 


Cadmium. 


Mercury. 


Arsenic. 


’ Volatile only at a bright red 
heat. 

’Gives a yellowish-red coat- 
ing to charcoal when 
heated on it in the open 


Condenses in liquid drops. 
The interior surface of the 
sublimate is crystalline. 
The odour of garlic is 
evolved. 


Condenses on the cold sides of the tube, 
f A yellow sublimate, inflammable at a low tempe- 
l rature. 

Characterized by the odour of its vapour. ' 

. Become black, leaving a residue of charcoal. 



(a) White sublimates formed. 
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Second Oj)eration. — The substance is heated in an inclined 
f/lass tube^ opeji at both ends. 


Oxide of antimony. 

Arsenious acid. 

Oxide of bismuth. 

Chloride of lead. 

Oxide of lead. 

Selenite of lead. 
Sulphate of lead. 
Mercurial compounds. 

Molybdic acid. 

^ Oxide of tellurium. 


Formed during the roasting of metal- 
lic antimony, sulphuret of anti- 
- mony, and of metallic antimo- 
niurets ; also by heating oxide of 
antimony. 

Formed by the roasting of arseniurets. 

Formed by the roasting of sulphuret 
of bismuth and alloys of bismuth. 
The sublimate melts into brownish 
or yellowish drops when heated. 

Melts readily when heated, 
f Accompanying bodies which form vo- 
^ latile oxides or acids. 

From roasting the seleriiuret. 

From roasting the sulphuret. 

f Sublimes partly in the state of shining 
^ pale yellow crystals. 

From metallic tellurets. 



Sulphurous acid. 

Selenium. 

Arsenic. 


From metallic sulphurets. 
f From metallic seleniurets. A red sub- 
J limate of selenium is sometimes 
formed. 

From a few arseniurets only. 



262 


SYSTEMATIC COUUSE OE 


Third and Fourth Operations, — The substance is heated 
aloncy in the open air^ first upon charcoal, and aftericards 
between the platinum points of a pair of forceps, or upon 
platinum foil. 


{a) Oxides and acids f Antimony^ oxide of; bismuth, ox. of; copper, 


which 

fused. 


are 




tcllu- 


(b) 


Oxides and acids 
which do not^ 
fuse. 


ox. of ; lead, ox. of ; molybdic acid ; 
rous acid ; vanadic acid. 

Alumina ; antimonious acid ; barytes ; cad- 
mium, ox. of ; cerium, perox. and protox. of ; 
chromium, ox. of ; cobalt, ox. of ; glucina ; 
iron, perox. of ; lime ; magnesia ; manganese, 
perox. of ; nickel, ox. of ; silica ; strontian ; 
tantalic acid; tin, perox. and protox. of ; ti- 
tanic acid ; tungstic acid ; uranium, perox. 
and protox. of ; y ttria ; zinc, ox. of ; zir- 
conia. 

Cloride and bromide of 


(c) Colours which 
may be im - ) 
parted to the^ 
flame. 


Blue or blueish. -j 


Green or green- 
ish. 


(d) 




Substances 

which may be-^ 
volatilized. 


Substances 
which change J 
their colour on 
ignition. 


copper ; lead ; arsenic ; 
selenium ; antimony. 

' Zinc ; barytes ; boracic 
acid ; tellurium ; cop- 
per ; phosphoric acid ; 
ammonia. 

Red or crim- f Lime ; strontian ; lithia ; 

son. \ potash. 

Yellow. Soda; water. 

Produce a sub- f Antimony; arsenic; bis- 
liraate on -{ 
charcoal. 


L 


muth ; cadmium; lead; 
tellurium ; tin ; zinc. 
Give no sublimate on charcoal — mercury ; 
osmium. 

Compounds of mercury. 

Oxides of volatile metals, in the reducing flame. 
Sulphur ; selenium ; iodine ; bromine. 

Many chlorides and iodides. 

Red oxide of mercury, minium, and most 
chromates are black when hot, and red or yel- 
low when cold. 

Oxide of zinc and titanic acid are yellow when 
[_ hot, and white when cold. 

[[The dissimilar action of the exterior and interior flames must be 
particularly obiJerved.] 
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Fifth Operation. — Heating with reagents. 
1. With carbonate of soda. 


(a) 


Substances which are 
fusible with soda on 
the platinum wire 
in the oxidating 
flame. 


"Oxide of antimony; oxide of chromium; 
oxide of cobalt ; oxide of copper ; oxide 
- of lead ; oxides of manganese ; molyb- 
die acid ; silica ; oxide of tellurium ; ti- 
tanic acid ; tungstic acid ; vanadic acid. 


(/>) Substances which are 
fusible with soda on 
charcoal, giving a 
clear bead. 


Silicic acid, with evolution of carbonic 
acid gas. 

f Giving a yellow glass 
Titanic acid. -I white hot, which is 
opaque when cold. 


(r) Metals whose com- 
pounds arc redu- 
cible with soda on 
charcoal in the re- 
cing flame. 


V, 


Metals the ox- 
ides of which 
form a subli- 
mate on the 
charcoal, 
Metals which 
deposit no 
sublimate on 
the charcoal. 


Antimony; arsenic; bis- 
muth; cadmium ; 
lead ; selenium ; tel- 
lurium; zinc. 

Cobalt ; copper ; gold ; 
iron ; molybdenum ; 
nickel ; platinum ; sil- 
ver ; tin ; tungsten. 


(d) 


Substances which are 
neither fused nor 
reduced with soda 
on charcoaL 


"Alumina; barytes; oxides of cerium ; glu- 
cina ; lime ; magnesia ; strontian ; tan- 
talic acid ; thorina ; oxides of uranium ; 
yttria ; zirconia. 


(e) ^Examine for sulphur and selenium by the glass of silica and soda. 
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2. With borax, on the platinum wire, in both flames. The 
colours of the beads produced by the various metallic oxides, 
arc as follow : — 


Colourless 


In oxidating dame. 
^Alumina 
Antimony, ox. of 
(when cold) 
Barytes 

Bismuth, ox. of 
(when cold) 
Cadmium, ox. of 
(when cold) 
Glucina 
Lime 

Lantanum, ox. of 
Magnesia 

Molybdic acid (when 
J cold) 

Silicic acid 
Strontian 
Silver, ox. of 
Tantalic acid 
Tellurium, ox. of 
Thorina 
Tin, ox. of 
Titanic acid 
Tungstic acid (wlien 
cold) 


Y ttria 
Zinc, ox, of 
^Zirconia. 


Red, or 
reddish 
yellow 


Yellow 


Cerium, ox. of (while 
hot) 

Chromium, ox. of 
(while hot) 

Iron, ox. of 
Nickel, ox. of (when 
. cold). 

Antimony, ox. of 
(while hot) 
Bismuth, ox. of 
(tvhile hot) 

1 Cadmium, ox. of 
(while hot) 

Lead, ox. of (while 
hot) 

Molybdic acid (while 
hot) 


I Uranium, ox, of 
LVanadic acid. 


In reducing dame. 


Colourless < 


Alumina 

Barytes 

Cadmium, ox. of 
Cerium, ox. of 
Glucina 

Lantanum, ox. of 
Lime 
Magnesia 
Manganese, ox. of 
Silica 
Strontian 
Tantalic acid 
Thorina 
Tin, ox. of 
Y ttria 
Zinc, ox. of 
.Zirconia. 


Reddish 

brown 


Y ellow 


i C/opper, ox. of 
Molybdic acid 
Vanadic acid (while 
hot). 

f Tungstic acid 
4 Titanic acid (while 
I hot). 


Green 


'Chromium, ox. of 
Iron, ox. of 
- Uranium, ox. of 
Vanadic acid (when 
cold). 


Bhu Cobalt, ox. of. 
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Green 


Violet 

Blue 


In oxidating flame. 

"Chromium, ox. of 
(when cold) 
Copper, ox. of (while 
hot). 

{ Manganese, ox. of 
Nickel, ox. of (while 
hot). 

Cobalt, ox. of 


In reducing flame. 

* Antimony, ox. of 
Bismuth, ox. of 
Grey Nickel, ox. of 
Silver, ox. of 
Tellurium, ox. of 


3. With microcosrnic salt, on the platinum wire, in both 
flames. 

The colours imparted to a bead of microcosrnic salt by 
various metallic oxides are as follow: — 


Colourless -< 


lied 


In oxidating flame. 
Alumina 

Antimonious acid 
Barytes 

Bismuth, ox. of 
(when cold) 
Cadmium, ox. of 
(ilucina 

Lantanum, ox. of 
Lead, ox. of (when 
cold) 

Lime 
Magnesia 
Molybdic acid 
Strontian 
Tantalic acid 
Tellurium, ox. of 
Thorina 
Tin, ox. of 
Titanic acid 
Tungstic acid 
Y ttria 
Zinc, ox. of 
Zirconia. 

'Cerium, ox. of (while 
hot) 

Iron, ox. of 

I Nickel, ox. of (while 
hot) 

Chromium, ox. of 
(while hot). 


Colourless < 


Red or 
reddish 
brown 


Yellow 


In reducing flame. 
'Alumina 
Barytes 

Cadmium, ox. of 
Cerium, ox. of 
Glucina 

Lantanum, ox. of 
Lime 
Magnesia 
Manganese, ox. of 
Strontian 
Tantalic arid 
Thorina 
Tin, ox. of 
Y ttria 
Zinc, ox. of 
LZirconia. 

Antimonious acid with 
iron 

Chromium, ox. of 
(while hot) 

(Jopper (when cold) 
Nickel, ox. of (while 
hot) 

Titanic acid with iron 
Tungstic acid with 
iron. 

Titanic acid (while 


{ Titanic 
hot). 
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YeUow 


Green 


Violet 

Blue 


In oxidating flame. 
''Bismuth, ox. of 
(while hot) 

Lead, ox. of (while 
^ hot) 

Silver, ox. of 
Uranium, ox. of 
(while hot) 
^Vanadic acid. 
^Copper, ox. of (while 
hot) 

Molyhdic acid 
-< Uranium, ox. of 
(when cold) 
Chromium, ox. of 
^ (when cold). 

Manganese, ox. of 
Cobalt, ox. of 


Green 


In reducing flame. 
^Chromium, ox. of 
(when cold) 

Copper, ox. of (while 
hot) 

Iron, ox. of 
Molyhdic acid (when 
cold) 

Uranium, ox. of 
Vanadic acid (when 
^ cold). 


Blue 


'’Cobalt, ox. of 
Molyhdic acid (while 
hot) 

Tungstic acid. 


Violet 


Brown 


f Titanic acid (wdien 
\ cold). 

J Vanadic acid (while 
\ hot). 


Grey 


'Antimony, ox. of 
Bismuth, ox. of 
- Lead, ox. of 
Silver, ox. of 
Tellurium, ox. of 
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CHAPTER VIIL 

QUALITATIVE ANALYSIS OF A GASEOUS MIXTUllE. 


L Tabular View OF the principal Properties of some 

Gases. 


Oxygen - 1 Re-inflaine a glow- 

Nitrous oxide J ing taper 
Ammonia 
Hydrochloric acid 
Chlorine 
Sulphurous acid 
Carbonic acid - 
Sulphuretted hydrogen - 
Cyanogen 
Olefiant gas 

Phosphuretted hydrogen 
Arsenictted hydrogen 
Carbonic oxide 
Hydrogen 

Light carburetted hydrogen 



Soluble in 
water. 


L Absorbed by potash . 


t Combustible. 


11. Course of the Qualitative Analysis of a 
Gaseous Mixture; the Constituents being men- 
tioned IN THE following LiST : — 


1. Carbonic acid 

2. Hydrochloric acid 

3 . Chlorine 

4. Sulphurous acid 

5. Sulphuretted hydrogen 

6. Cyanogen 

7. Phosphuretted hydrogen 

8. Arsenietted hydrogen 
t). Ammonia 


10. Oxygen 

11. Nitrous oxide 

12. Nitric oxide 

13. Light carburetted hydrogen 

14. Olefiant gas 

15. Carbonic oxide 

16. Hydrogen 

17 . Nitrogen. 


(A). Into the dry gas contained over mercury, introduce, 
first, moistened sticks of potash ; after a little while, with- 
draw the potash, and dissolve it in water. 

The first six of the above list are absorbed.* 
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1. Carbonic acid. 


Remove the more soluble gases from a portion 
of the original gas by water, and apply the 
test of lime-water to the residue. (See 


2. Hydrochloric acid, 

and ^ 

3. Chlorine. 


4. Sulphurouft acid, 

5. Sulphuretted 

hydrogen. 

6. Cyanogen. 


i 

{ 


page 123.) 

Neutralize the solution of the potash by pure 
nitric acid, and test with nitrate of silver. 
(See page 136.) 

Chlorine and hydrochloric acid are distinguished 
from each other by the power of the first to 
bleach vegetable colours, wdiich property is 
not possessed by hydrochloric acid. 

Peroxide of lead, if agitated in the original gas, 
absorbs sulphurous acid. 

The solution of the potash produces a black 
precipitate in salts of lead. 

To the solution of the potash apply the test of 
peroxide and protoxide of iron (Scheele’s 
test), page 143. 


(B) . After the removal of the potash, transfer the re- 
maining gas to another jar, and introduce into it a solution 
of nitrate of silver. Nos. 7, 8, and 9. are absorbed. 

r Combustible ; producing white fumes of phos- 
plioric acid ; this gas is sometimes sponta- 
C neously inflammable. 

Gives a volatile deposit of metallic arsenic wdien 
passed through a red-hot tube. 

Known by its great solubility in water, its odour, 
and its alkaline reaction. 

(C) . The gases which remain after the action of potash, 
and of nitrate of silver, are. Nos. 10, 11, 12, 13, 14, 15, 
16, and 17. 

1. Introduce a stick of phosphorus into the gas, and allow 
it to remain so long as any contraction occurs* Oxygen is 
absorbed.* 

2* K the gas supports combustion before, but not after, 
agitation with water, it contains nitrous oxide. 

(D) . Into a portion of the remaining gas contained in a tube 
through which the electric spark can be passed If, pass up an 
equal volume of pure oxygen. 


1. Phos'phnrvtted 

hydrogen. 

2. Arsen id ted 

hydrogen. 

3. Ammonia. 


• Phosphorus does not act upon oxygen in the presence of olefiant gas, un- 
less the pressure be greatly reduced. Phosphorus is likewise without action on 
perfectly pure oxygen. 

f Such as Dr. Ukc’s eudiometer, of which a figure is given under the subject 
of Eudiometry. 
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1. The production of* ruddy fumes shows the presence of 
nitric oxide. 


2. Pass the electric spark* ; if explosion takes place, Nos. 
13, 14, 15, and 16. may be present. 

(E). To the other portion of the gas (not mixed with 
oxygen), add half its own bulk of pure chlorine^ and keep the 
mixture in a dark place. 


('ontraction and form- 
ation of oily drops 
show the presence of 
olefiant gas, or 
po u J's of hydroca r~ 
bons. 


Carbonic oxide is ab- To the residue add twice its bulk of oxy- 
sorbed by the potas- gen, and pass the electric spark. If ex- 

sium. plosion takes place, both light carburetted 

hydrogen and hydrogen may have been 
present. Carburetted hydrogen produces 
its own volume of carbonic acid, By 
ascertaining, (1.) the volume of the gas 
before adding oxygen ; (2.) the amount 
of oxygen added ; (3.) of carbonic acid 
produced ; and (4.) of oxygen in excess 
(by removing it afterwards by phos- 
phorus), the presence and quantity of 
hydrogen may be calculated. (See the 
following Table.) 

As nitrous oxide interferes with the above 
process, it must be previously removed 
by agitation with water. If any gas re- 
mains after detonation and absorption of 
carbonic acid by potash, and of oxygen 
by phosphorus, this must be nitrogen. 


After allowing the mixture to stand for 
about t^venty-four hours, withdraw the 
excess of chlorine by agitation with solu- 
tion of jjotash, and heat potassium in the 
residue so long as contraction occurs.f 


• The combination of oxygen with the combustible gases may also be caused 
by the introduction of small pellets of spongy platinum. This method is gene- 
rally more convenient than by passing the electric spark. 

+ This operation is liest performed in a glaas tube closed at one end, about 
eight inches in length, with one inch and a half from its top recurved to hold 
tlie potassium. 
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III. Analysis of Coal-gas. 

In the following method of analyzing coal-gas, the 
olefiant gas and vapours of hydrocarbon are estimated 
together as the contraction by clilorinc. The determination 
of the hydro-carburetted vapours may be accurately efiected, 
as shown by Mr. Faraday, by means of oil of vitriol. That 
liquid absorbs both the vapours and olefiant gas, but the 
latter not so rapidly as the former ; and if the coal-gas is 
diluted with three or four times its volume of atmospheric air 
or hydrogen, and the mixture kept in the shade, tlie ab- 
sorption of olefiant gas is prevented. Another portion of the 
gas under examination may be taken for tlic remaining 
operations. 

As the principal luminiferous constituents of coal-gas arc 
olefiant gas and the vapours of hydrocarbons, a good approxi- 
mation to its true value may be obtained by determining 
merely the contraction which the gas experiences when 
mixed with chlorine, neglecting the other operations in the 
following method of analysis; and instead of removing 
the excess of chlorine by caustic potash, at the close of the 
experiment, the amount of chlorine absorbed by water in 
similar circumstances may be noted, and deducted from the 
entire condensation. The necessity of carefully excluding 
the nuxture from solar light, arises from the property which 
chlorine possesses of condensing carbonic oxide under the 
influence of solar light and moisture ; but no condensation 
from the presence of carbonic oxide takes place in the dark, 
or in candle-light. The purity of the chlorine employed in 
this process should be previously ensured by ascertaining 
whether it is absorbed by water, or by a dilute alkaline 
solution, without leaving a residue. The chlorine should be 
added to the gas so long as the volume of the latter 
diminishes . — {Applied Chemistry: art on Gas Illumination.) 
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CHAPTER IX. 


DETECTION OF POISONS IN ORGANIC MIXTURES. 


When an Inorganic poison is presented for examination 
unmixed with organic matters, its composition may be ascer- 
tained by processes already described ; but if the poison is to 
be looked for in the contents of the stomach, or any such 
organic mixture, its properties may have become so masked, 
its com];)osition so altered, and the usual action of reagents 
so restrained, as to require a modification of the processes 
employed where organic matters are absent. In general, it 
is not convenient, in these examinations, to follow the course 
recommended in mineral qualitative analysis, of determining 
the presence or absence of certain classes of bodies, and 
afterwards proceeding to individual substances ; but better to 
seek at once for a particular substance, by the application of 
its appropriate test. This plan is adopted for two reasons : 
first, because the act of poisoning is almost always committed 
with a single substance; and second, because there usually 
exist evidences, of a physiological or circumstantial cha- 
racter, which have excited a suspicion of the true nature 
of the poison ; the appropriate tests for which are then 
applied. 

The substances for the discovery of which, in organic 
mixtures, processes will be described, are the following : — 


1. Arsenic 

2. Murcury 
iJ. Antimony 

4. Copper 

5 . Lead 

6. Nitric Acid 


7« Sulphuric acid 

8. Hydrochloric acid 

9. Oxalic acid 

10. Hydrocyanic acid 

11. Alcohol. 
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1. Arsenic, 

The ordinary liquid tests for arsenic can seldom be suf- 
ficiently depended on in organic solutions. In the presence 
of organic matters, the only^ unequivocal tests for arsenic 
are certain processes of reduction, whereby metallic arsenic 
itself is obtained. These reduction processes arc of three 
kinds : one consists in the precipitatioji of metallic arsenic 
from a liquid containing arsenious acid or arsenic acid, by 
metallic copj^er; in another, arsenietted hydrogen gas is evolved 
from a liquid containing arsenic, and is afterwards decomposed; 
and in the process of the third kind, metallic arsenic is 
obtained in the dry way, from sulphuret of arsenic, the latter 
being obtained by precipitation from a liquid by sulphuretted 
hydrogen. 

I. The first of these methods of testing for arsenic has 
been recently introduced by M. Keinsch, and is hence 
distinguished as Kcinsch’s test. It is conducted in the follow- 
ing manner. The liquid suspected to contain arsenic is first 
strongly acidulated with liydrochloric acid (previously ascer- 
tained to be free from arsenic); a perfectly clean plate of 
metallic copper is then introduced into the acidified mixture, 
and the liquid is heated to the boiling point. If any arsenic 
is present, even no more than the millionth part of the liquid, 
the copper soon becomes covered with a steel-gray crust of 
metallic arsenic. After the lapse of a quarter of an hour, or 
half an hour, the precipitation of arsenic is complete. But 
arsenic is not the only metal which might be precipitated on 
the plate of copper in such circumstances. The various 
precious metals (silver, gold, platinum, &c.), bismuth and 
antimony, also afford deposits on the copper, differing certainly 
in appearance from that produced by arsenic, but sufficiently 
similar to the latter to render the further examination of the 
metallic deposit, absolutely essential. 

The plate of copper is removed from the liquid, washed 
'ftt'st with weak hydrochloric acid, and then with water, and 
dried. The drying should^be done very cautiously, to prevent 

T 
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the volatilization of the arsenic. The part of the plate of 
copper on which the arsenic is deposited is then cut into 
chips, all of which, if the crust is not abundant, are placed in 
such a tube as c (figured at page 108.), and heated to low 
redness. The arsenic then volatilizes and oxidizes, and 
arsenious acid condenses on the side of the tube in octohedral 
crystals, the equilateral triangular fiices of which are observ- 
able by a magnifier of four or five powers. Larger crystals 
may be obtained by removing the copper chips, and chasing 
the sublimate up and down the tube by the flame of a spirit 
lamp, the open end of the tube being closed by the fingeS 
The form of the ciystals having been observed, a little 
distilled water is introduced into the tube to dissolve the 
sublimate, and the solution is divided into three parts : one 
portion is mixed with pure hydrochloric acid, and tested for 
arsenious acid with sulphuretted hydrogen (p. 101.); another 
portion is treated with the ammonio-nitratc of silver (p. 100.) ; 
and the third with ammonio-sulphate of copper, (p. 107.) Anti- 
mony, if deposited upon the plate of copper, would also afford a 
white sublimate on the sides of the tube; but that sublimate 
is not nearly so volatile or so crystalline as arsenious acid, 
and, unlike the latter, is insoluble in water; therefore the 
indications of ammonio-nitrate of silver and ammonio- 
sulphate of copper, with the aqueous solution of the sublimate, 
are perfectly conclusive as regards the presence or absence 
of arsenic. 

This test for arsenic is as applicable to an organic liquid 
as to a pure solution of arsenious acid. Organic fluids are 
prepared for this process by being simply boiled for half 
an hour with a little hydrochloric acid, and filtered, if any 
solid particles are diffused through the liquid. Organic 
solids are mixed with diluted hydrochloric acid, and the 
mixture is boiled for about half an hour, when the liquid 
is filtered, unless complete solution has taken place. The 
liquid is then ready to receive the copper. Dr. Christison 
suggests the use of copper leaf in this process, in the 
place of sheet copper. Phosphoric, sulphuric, or acetic acltf^ 
may not be -used instead of hydrochloric acid. So long as 
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the hydrochloric acid is in decided excess, it does not 
appear that its proportion affects the delicacy of the test. 
The hydrochloric acid may be as little as one thirtieth or 
as much as one half of the whole liquid. 

IT. The principle of the second method of testing for arsenic 
to be here noticed is, that whenever hydrogen gas is evolved in 
contact with a soluble arsenical compound, the arsenic unites 
with liydrogen, forming arsenietted hydrogen gas, in which the 
existence of arsenic is easily demonstrated. The arrangemeni 
represented in the figure was contrived by Mr. 

Marsh, for the oj)cration adverted to. The stop- 
cock, which can be fitted to the tube by means 
of a cork, being removed, a few fragments of 
pure zinc are introduced into the lower bulb, 
and dilute sulphuric acid is poured upon them, 
up to the mark a. Hydrogen gas is evolved, 
with which the whole lln)b h is soon filled, on 
closing the stopcock, the acid liquid being then 
Ibrced into the upper bulb. As tlic zinc and 
also the sulphuric acid of commerce almost always contain 
some {irs('nic, it is necessary to examine whether the hydrogen 
is free Irom arsenic, or not. For that j>urpose the gas is 
kindled Jit the jet, and allowed to burn wdtli a small fiame. 
On holding the bottom of a porcelain bason or a stone w'are 
plate in the flame, a lilack spot, of a bright metallic lustre, 
will immediately be formed on it, in the centre of the flame, 
if the gas contains any, even a very small amount of arsenic. 
Another method of discovering the presence of arsenic in the 
gas, is to hold a piece of coloured glass orcr the flame, when 
the glass becomes covered with a white sublimate of arsenious 
acid, if any arsenic is present. If the hydrogen gas presents 
these appearances, some arsenic (or antimony or bismuth) 
must have existed either in the acid or the zinc ; but if it 
does not, pour off some of the dilute sulphuric acid, and mix 
with the remainder a portion of the liquid to be tested. 
-Proceed as before to collect the gas, and burn it against 


Fiff. 16 . 
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a stoneware plate, and under a piece of coloured glass, as 
before directed. 

If no black spot appears upon the stoneware plate, 
when held in the flame, and no white sublimate upon the 
coloured glass plate, when held above the flame, conclusive 
evidence is afforded of the absence of arsenic, at least in a 
soluble state. But tlie formation of a metallic spot and 
of a white sublimate are not as conclusive of the presence of 
arsenic, since somewhat similar black spots and white subli- 
mates are afforded by antimony, and, when the evolution of 
gas is very brisk, by bismuth. Organic matters might also 
cause the formation of a black spot upon a porcelain bason held 
in the flame; and a porcelain bason having a lead glaze might 
acquire a black mark by exposure to a pure hydrogen flame, 
through the reduction of oxide of lead in the glaze. 

When the apparatus just described is employed, one method 
of determining the presence of arsenic conclusively is by 
collecting and examining tlic white sublimate formed by the 
combustion of the gas. For this purpose, the sublimate is 
collected within a glass tube, open at both ends, held slightly 
oblique. This tube may be about six inches in length, 
and half an inch in diameter. When the sublimate produced 
by the combustion of two or three times the contents of a 
bulb of the apparatus has been obtained, it may be treated 
with a little water, when it slowly dissolves, if it is arsenious 
acid, giving a solution in wdiich arsenic is easily recognised 
by the three principal fluid tests for arsenious acid, — namely, 
sulphuretted hydrogen (hydrochloric acid being added), 
ammonio-nitrate of silver, and ammonio-sulphate of copper. 
If the metal is antimony or bismuth, the proper indications 
which these reagents give with arsenious acid (mentioned 
at pages 100, 101. and 107.) are not perceived.* 


♦ If the liquid under examination contains both arsenic and antimony, the 
white sublimate may consist of the arsenite of antimony, which is insoluble in 
pure water. If such is the case, the sublimate is dissolved in very dilute solution 
of potash, and the solution is treated, first, with sulphuretted hydrogen, and aft^r- 



QUALITATIVE ANALYSIS. 


277 


A spot of metallic arsenic on the porcelain plate may be 
distinguished, and even separated from metallic antimony and 
metallic bismuth, by a solution of chloride of soda, or of chlo- 
ride of lime, which dissolves the arsenic, but leaves both 
antimony and bismuth untouched. 


Instead of burning the gas in the way described, it 
may be passed through a hard glass tube, a portion of which is 
heated red hot by a spirit lamp, by which all the arsenic in the 
gas is reduced to the metallic state and deposited in the tube, 
Hear the flame of the lain]). For this purpose a horizontal 
glass tube may be attaclied by a cork to the jet of the apparatus 
shown at fig. 16 . (p. 275 .) ; or an apparatus similar to that re- 
presented in the annexed figure may 
be employed. The funnel is for add- 
ing more acid or suspected licjuid. 
This modification of the process just 
described is more manageable, and 
equally satisfactory. It may be left 
in action without requiring the con- 
stant presence of the operator; and 
tlic whole amount of arsenic originally 
contained in the liquid operated on, 



may be obtained in the tube without loss. When sufficient 
metal for examination has been collected, the tube may be 
removed, and replaced by another similar one. The manner 
of examining the metallic crust is described below. 

Another and a preferable form of apparatus for the sa,me 
purpose is represented in fig. 18 . It consists of a cylmdrical 
glass vessel a, containing a capped bell jar with an elongate 
neck, which is furnished with a stopcock b. A fragment of 
pure zinc is suspended from the stopcock by a string or wire : 
c is a stout glass tube, filled with cotton wool or asbestos. 


wards with an excess of bicarbonate of ammoma. the antimoiiy is tliereupon 
precipitated as sulphurct, while sulphuret of arsenic remains *" * 

4lution. and may be precipitated by the addition of an excess of hydrochloric 

acid. 
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connected with the stopcock by a small tube and two per- 
forated corks, and by an- 
other small tube and caout- 
chouc joint to a narrow 
bent tube of hard glass r/, 
in which the metallic ar- 
senic is condensed. Tlu^ 
use of the tube containing 
cotton or awsbestos is to 
j)revent the mechanical 
j)rojectIon of minute drops 
of the liquid from the jar. 
The absen(‘c of arsenic in the 
zinc and sulphuric acid having been already ensured, the licjuid 
to be tested is mixed with sulphuric acid and introduced 
into the apparatus, the stopcock being o]x;n. AVhen the 
liquid has filled the interior jar, the stopeex^k is closed, and 
the jar is allowed to become nearly full of gas, the llciiiid 
being driven back through the lower opening of the bell jar 
into the outer cylinder. A part of the tube is now heated 
to redness by a spirit lamp ; the open extremity of the tube 
is placed beneath some water, in order to give an indication 
of the rapidity with which the gas passes when the stoj)cock 
is 0 })cncd, and the cock is turned a little, so as to allow the 
gas to escape in slowly successive bubbles. When the bell 
jai becomes again filled with the liquid, the stopcock is 
closed, and not opened until the jar is nearly refilled with 
gas. The experiment is conducted in this manner until a suf- 
ficient quantity of the metallic deposit has been detained for 
testing. The tube with the metal may then be detached 
from the apparatus, and replaced by another, if the whole of 
tlie arsenic in the liquid is to be collected without loss. 

The metallic deposit of arsenic is distinguishable from the 
deposits of antimony and bismuth by several characters. 1 . 
In the first place, arsenic is much more volatile than either 
of the other metals, so that it is not deposited in the hot 
part of the tube, as are the other metals, but a little beyond 
the heated part. If a very strong , heat is applied, however. 
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antimony is not deposited on the hottest part, but on both 
sides of it ; arsenic is deposited only on one side. 2. The 
following mode of determining the nature of the metallic 
crust (proj^osed by M. Fresenius) affords very satisfactory 
results. A gentle stream of dry siilpliiirettcd hydrogen gas 
is passed through the tube containing the deposit, which is 
heated by a spirit lamp, from the farther end to the nearer, 
]:)rogre8sively. The metal, whether arsenic or antimony, 
thereby becomes converted into a suiphuret, which is yellow 
in the case of arsenic, and orange (or gray, if strongly heated,) 
in that of antimony. To distinguish between these sulphurcts, 
a stream of dry hydrochloric acid gas is next passed through 
the tube, without the ap})llcation of heat: suiphuret of anti- 
mony wholly disappears almost instantly; chloride of anti- 
mony volatilizes, and may be conveyed into water, and tested 
by sulphuretted hydrogen, &c. : suljdmret of arsenic, on the 
c:ontrary, is not affected by hydrochloric acid, and may be 
obtained in solution, by introducing a small quantity of am- 
monia into the tube. This ammoniacal liquid yields a yellow 
precipitate of salj)huret of arsenic when supersaturated with 
hydrochloric acid. 3. An easier and quite as satisfactory a 
method of detecting the ])rescnce of arsenic in the metallic 
crust, is to place a portion of the crust, or a portion of the 
tube, into a wide tube sealed at one end, and aj)})ly the heat 
of a s])irit lamp. If arsenic is present, it volatilizes and 
oxidizes, and octohcdral crystals of arsenious acid condense 
on the sides of the tube, which may be examined as already 
directed, at ptigc 274, 4. Another method of distinguishing 

between metallic arsenic and other metals, is the following: — 
The metal is dissolved in a small quantity of fuming nitric 
acid, and the solution is evaporated to dryness by means of 
a water-bath. If arsenic is present, the residue contains 
arsenic acid, which is soluble in water, and its solution gives 
a brick-red precipitate when mixed with ammonlo-nitrate of 
silver. Antimonic and antimonious acids, which are formed 
by the action of nitric acid on antimony, are insoluble in 
water. 

Various other methods of distinguishing arseiiietted hy- 
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drogen from antimonietted hydrogen have been pointed out, 
only two of which need be alluded to here. One of these 
consists in passing the gas through an alcoholic solution of a 
caustic alkali, — either potash, soda, or ammonia. Antimo- 
nietted hydrogen is thereby decomposed, and metallic anti- 
mony is dcjiositcd in brownish-black flakes. But arsenietted 
hydrogen undergoes no perceptible change. The bulbed tube 
known as Liebig’s potasli apparatus (figured under the subject 
of Organic Analysis) may be employed in the operation. If 
a suflScient quantity of the alcoholic solution is employed, 
the antimonietted hydrogen may be completely absorbed and 
decomposed. (Dr. Meissner.) Tlie other method consists in 
exposing the gas to pure and concentrated nitric acid in a 
Liebig’s bulbed apparatus.” The acid absorbs and oxidizes 
the metal contained in the gas, whether arsenic or antimony, 
and when evaporated to dryness leaves a residue of arsenic 
acid or one of the oxides of antimony. The residue is treated 
with water, and the solution tested for arsenic acid by ammo- 
nio-nitrate of silver. (M. Mcillet.) 

In testing an organic liquid for arsenic by Marsh’s test, no 
small inconvenience is generally experienced from the quan- 
tity of froth produced, for the subsidence of which, long 
repose is necessary. But the disengagement of froth may be 
prevented or greatly lessened by destroying the various 
organic matters present, previous to the application of the 
test. The following mode of decomposing the organic mat- 
ters was proposed by MM. Danger and Fhindin, and has 
received the sanction of M. Regnault. The material is first 
brought to a state of dryness at a moderate heat, and is then 
digested with from one fifth to one fourth of its weight of 
concentrated sulphuric acid, and the carbonaceous mass is 
heated, and occasionally stirred, until dry, when It has the 
appearance of charcoal. The mass is then treated with a 
little nitric acid or aqua regia, to dissolve the arsenic, and 
washed with water. The washings, which contain the whole 
of the arsenic, are lastly concentrated by evaporation, mixed 
with sulphuric acid, and tested for arsenic in Marsh’s appara- 
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tus. If the organic substance contains much common salt, a 
little of the arsenic may be lost during the carbonization, 
being volatilized as chloride. But if the process of carbon^ 
ization is conducted in a retort connected "with a cooled 
receiver, the whole of the volatilized chloride condenses and 
is collected in the receiver. 

III. Another process for the detection of arsenic in an 
organic mixture, differing in kind from either of the preced- 
ing, remains to be briefly adverted to. It consists in sepa- 
rating the arsenic as sulphuret, and in decomposing that sul- 
phuret with liberation of metallic arsenic. The course of 
examination of an organic liquid or solid, by this test, pre- 
sents three stages : 1°, the prejiaration of the material ; 2°, 
the separation of the arsenic, as sulphuret, by sulphuretted 
hydrogen ; and d®, the reduction of the sulphuret of arsenic. 

(A), rreparation of the material, — The preparation of an 
organic material for exposure to sulphuretted hydrogen is a 
subject which has received considerable attention, and several 
modes of procedure have been pointed out. Three of these 
processes arc as follow : — - 

1. The matters arc first boiled for a considerable time with 
water and a small quantity of nitric acid, and the mixture is 
then strained through a piece of calico. The animal matter 
in the filtei'ed liquitl is precipitated by the addition of an 
excess of nitrate of silver ; and the excess of nitrate of silver 
is decomposed by adding common salt to the mixture. The 
liquid is then passed through a paper filter. 

By treatment with nitric acid, chlorine, and several other 
oxidizing agents, arsenious acid is converted into arsenic acid. 
Now a solution of arsenic acid is precipitated by sulphuretted 
hydrogen with less facility than a solution of arsenious acid ; 
a trace of arsenic acid may even effectually resist decomposi- 
tion by sulphuretted hydrogen. When the arsenic, therefore, 
can be contained in a suspected liquid in the state of arsenic 
acid (as it may, partly or entirely, in the above process), it 
should be reduced to the state of arsenious acid before being 
exposed to sulphuretted hydrogen. This may be readily 



282 


SYSTEMATIC COURSE OF 


effected by sulphurous acid at a boiling heat. (Wohler.) An 
aqueous solution of sulphurous acid is mixed with the sus- 
pected liquid, and the mixture boiled ; by this, the arsenic 
acid is reduced, while the excess of sulphurous acid is ex- 
pelled in the ebullition. Sulphuretted hydrogen may then 
be passed through the solution. The sulphuric acid employed 
in the preparation of the sulphurous acid must be perfectly 
free from arsenic, otherwise the sulphurous acid will be found 
to contain traces of arsenic. 

2. The following mode of preparing organic matters for 
treatment with sulphuretted hydrogen is recommended by 
MM. Duflos and Hirsh.* The suspected mass, as the 
stomach with its contents, for instance, is digested in a 
tubulated retort, with an equal w'cight of hydrochloric acid, 
previously ascertained to be free from arsenic by the test of 
sulphuretted hydrogen. The retort is connected with a re- 
ceiver, in which is placed a little water, the object of which 
is to collect a little chloride of arsenic that volatilizes during 
the process. The retort is heated by a bath of chloride of 
calcium until the mass acquires the consistence of paste, when 
it is allowed to cool. The mass is then mixed with about 
twice its weight of strong alcohol, and after some time the 
undissolved portion is collected on a filter, and washed with 
alcohol. The alcoholic liquid and the washings are, lastly, 
inti oduccd into a retort, and the alcohol is distilled off’; the 
residue in the retort is mixed with the acid liquor which 
distilled into the receiver during the first distillation, and the 
mixture is exposed to sulphuretted hydrogen. 

3. The mode of preparing the material proposed by M. 
Fresenius, in a recent paper on testing for arsenic f, is as 
follows : — The substance for examination, reduced to small 
pieces, which are carefully intermixed, is placed in a large 
porcelain bason, and mixed with about an equal quantity of 
concentrated hydrochloric acid (free from arsenic), and enough 
water to give the mixture the consistence of thin paste. The 
bason is heated by a water-bath, and chlorate of potash is 

* Berzelius's Rapport Annuel, 1844, p. 136. 

t Memoirs and Proceedings of the Chemical Society, Part IX. p. 130. 
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introduced by small quantities at a time (half a drachm every 
five minutes), until the mixture appears bright yellow, 
homogeneous, and quite liquid : about two drachms more of 
chlorate of potash are then added, and the bason is removed 
from the water-bath, and allowed to cool. When cold, the 
liquid is passed through a filter, the residue in the filter is 
washed with hot water until the filtered liquid is no longer 
acid to tcst-})aper, and the whole of the filtered liquid is con- 
centrated by evaj)oration (by means of a water-bath) to about 
a pint. A saturated aqueous solution of sulphurous acid is 
tlicn mixed with the acid liquid, until the smell of sulphur- 
ous acid is strongly pcrcci)tible, and the mixture is again 
heated for about an hour, in order to expel the excess of sul- 
phurous acid. The liquid is then ready for exposure to 
sulphuretted hydrogen. 

(B) . Precipitation o f the mlphuret of arsenic, — The liquid 
is next exposed for several hours to a slow stream of sul- 
phuretted hydrogen gas, passed first of all through a little 
water ; after which the liquid is moderately heated in a 
loosely covered vessel, until the odour of sulphuretted hy^- 
drogeu has disappeared. The precipitated sulphuret of arsenic 
is now collected by ])assing the liquid through a small paper 
filter. After the suljdiuret has been washed, but while still 
moist, it is dissolved in caustic ammonia, and the filtered 
animoniacal solution is evaporated to dryness in a porcelain 
capsule. The dry residue is then ready for the next opera- 
tion. 

(C) . Reduction of the siiiphurct of arsenic, — The manner of 
obtaining metalfK*- arsenic from sulphuret of arsenic has al- 
ready been described at page 108. A more minute account 
of the various precautions to be adopted may be found in the 
paper of M. Fresenius, before referred to, in the Memoirs and 
Proceedings of the Chemical Society, p. 132. In judicial 
investigations, the reduction of the sulphuret should always 
be effected by means of the mixture of carbonate of potash 
and cyanide of potassium^ instead of black flux. 
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The mode of testing for arsenic last described is considered 
the safest and most certain in its indications, but is not the 
most delicate. The processes of M. Reinsch and Mr. Marsh 
are both extremely delicate, but are subject to certain incon- 
veniences, particularly that of Mr. Marsh, as has been already 
pointed out. The principal objection to M. Rcinsch’s process 
is, that its indications are impeded or prevented by the pre- 
sence of nitrates, and salts of mercury, and some other metals. 
For facility of application, however, it is decidedly prefer- 
able to either of the other two methods, and in point of de- 
licacy, it Is not inferior to the process of Mr. Marsh. 

2. Mercury, 

The mixture suspected to contain mercury is to be eva- 
porated almost to dryness, and the organic matter destroyed 
by boiling the residue with aqua regia. The liquid is evapo- 
rated nearly to dryness, to expel most of the excess of acid, 
diluted with water, and filtered. The solution thus obtained 
may either, 1°, be treated with sulphuretted hydrogen, and 
the precipitalcd sulphuret subsequently reduced by being 
heated, in a small glass tube, with carbonate of soda ; or, 2% 
tlie solution may be mixed with protochloride of tin, and the 
precipitated metallic mercury collected, dried, and sublimed 
in a dry glass tube (p. 94.) ; or, 3*^, the liquid may be sub- 
jected to galvanic action, the positive pole being a plate of 
gold or a gold wire : the gold becomes whitened if mercury 
is present ; and when washed, dried, and heated in a dry glass 
tube, the mercury rises In vapour and condenses in globules 
on the sides of the tube, (page 92.) 

3. Antimony, 

When introduced as tartar emetic, antimony may exist 
in organic fluids, either in solution, or it may be rendered 
insoluble by combining with organic compounds. A mix- 
ture of tartaric and muriatic acids is first added to the sus- 
pected mixture, the former to dissolve out oxide of antimony 
from its insoluble compounds, the latter to coagulate various 
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animal principles which may be present. Filter and transmit 
sulphuretted hydrogen gas through the solution ; an orange- 
coloured precipitate of sulphurct of antimony will be formed, 
if that metal is present. Collect the precipitate, dry, and heat 
it in a small capsule with strong hydrochloric acid ; it is then 
dissolved, with evolution of sulphuretted hydrogen : evaporate 
off* nearly all the excess of hydrochloric acid, and pour the 
liquid residue into pure water, on which a white precipitate 
of oxichloridc of antimony will be produced, (p. 85.) 

Another mode of preparing the organic material to receive 
sul])liurettcd hydrogen, is the following : — The substance is 
boiled with concentrated sulphuric acid, and the mixture is 
cooled ill! mediately it becomes liquid : nitrate of soda is then 
added, and the carbonization of the mass is continued. The 
dry carbonaceous mass is digested in a solution of tartaric 
acid, and the solution thus obtained is exposed to sulphuretted 
hydrogen. (MM. Danger and Flandin.) 

In cases of poisoning by a compound of antimony, that 
metal should especially be sought for in the vomit ted matters, 
and in the contents of the stomach and intestines. 

4. Copper. 

This metal, like the preceding, may be present in an 
organic mixture in two states ; in solution, and in a state of 
combination with organic principles, forming insoluble com- 
pounds. As acetic acid dissolves out the oxide of copper 
from most of these organic compounds, the mixture, after 
being boiled, should be treated with that acid, diluted and 
filtered. Sulphuretted hydrogen gas is now i)assed through 
the solution, when, if copper is present, a black or browm 
precipitate of the sulphurct is formed, which, after boiling 
the liquid, is to be washed by affusion and subsidence. The 
precipitate is then collected in a porcelain capsule, heated to 
redness with access of air, to destroy any organic matter with 
wdiicli it may be mixed, and treated with nitric acid to dis- 
solve the copper. The solution thus obtained may be tested 
with ammonia, or any other characteristic tQst of copper. 
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(p. 88.) If necessary to examine the portions of the sus- 
pected mixture insoluble in acetic acid, the matter should 
be well dried, and heated to redness in a porcelain crucible, 
by which most of the copper will be reduced to the metallic 
state. The residue, treated with nitric acid, affords a solution 
to which the usual tests for copper may be applied. 


5. head. 

Add a little nitric acid to the suspected mixture before 
filtration, to dissolve the compounds of oxide of lead and 
organic matters, and transmit sulphuretted hydrogen gas 
through the filtered liquid. Boil the liquid and collect the 
2 :)recipitate on a filter. To prove the existence of lead in the 
precipitate, digest it in moderately strong nitric acid, with the 
assistance of a very gentle heat, by which the lead will be 
dissolved, while almost all the sul^dnir remains unacted on. 
If strong nitric acid is employed, the sulphur will be con- 
verted into sulphuric acid, and the insoluble sul|)hatc of lead 
formed. The acid solution of nitrate of lead must be poured 
off from the sulphur, evaporated to dryness, and redissolved 
in water. This solution can then be examined by chromate 
of potash, or any other test for lead. (p. 91. ) 

Instead of digesting the sulphuret of lead in nitric acid, it 
rnr:y be examined before the blowpij)e, by heating with soda 
on charcoal, when it gives a globule of metal easily recognised 
as lead, by its softness, ready fusibility, and the j)cculiar 
lustre of its freshly cut surface. 

6. Nitric acid. 

Neutralize the liquid for examination with potash, filter, 
and evaporate to obtain crystals of nitre. To the salt thus 
obtained, the test of protosulphate of iron and sulphuric 
acid may be applied (page 155.) ; or the crystals may be mixed 
with sulphuric acid and copper filings, when ruddy fumes of 
peroxide of nitrogen are perceived arising from the nitric oxide 
evolved. If much organic matter is present, the nitrate of 
potash will not crystallize ; in which case the dry residue of 
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evaporation is redissolved, and a solution of acetate of silver 
added, which not only removes organic matters, but also 
decomposes the chloride of sodium present in almost all 
organic ru^uids, and which would interfere when the crys- 
tallized salt is treated with sulphuric acid, by producing 
free chlorine. After precipitation by acetate of silver, filter, 
and evaporate to obtain crystals. (Christison.) 

7. Siilj)hiiric acid. 

Although introduced In the state of oil of vitriol, sulphuric 
acid may soon exist in the form of a neutral sulphate, from 
coming in contact with bases or carbonates, or from the 
gradual formation of ammonia through decomposition of 
the animal matters. This acid, therefore, when suspected, 
must be looked for as well in the free as in the combined 
state. The existence of a free acid in considerable quantity 
having been ascertained by blue litmus paper, if the liquid 
does not give the usual appearance presented by sulphuric 
acid with a salt of barytes (page 120.), in consequence of the 
presence of organic matters, it must be distilled to dryness 
in a proper retort and receiver, the heat being increased to 
dull redness towards the close. The receiver should contain 
a dilute solution of ammonia, to arrest all the sulj)hurous 
acid which is formed by the action of the organic substances 
on sulphuric acid. On treating the distilled product with 
aqua regia, the sulphurous acid is again converted into sul- 
phuric acid, the presence of which is then easily ascertained 
by chloride of barium. 

If the sulphuric acid Is in a state of combination with 
bases, the liquid suspected to contain it may be filtered, and 
the ordinary tests applied. In examining organic mixtures 
for sulphuric acid, it is always necessary to discriminate be- 
tween the small quantity naturally contained in these mix- 
tures, and the large excess which is found when sulphuric 
acid is really administered with a criminal intention. To do 
this satisfactorily, a quantitative analysis must generally be 
had recourse to. 
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8. Hydrochloric acid. 

Nitrate of silver, the ordinary test for hydrochloric acid, 
cannot be applied to the contents of the stomach, from the 
constant presence of chlorides, as well as of organic matters 
which precipitate salts of silver. The mixture suspected to 
contain hydrochloric acid must be cautiously distilled to dry- 
ness (not merely to a syrup), in a chloride of calcium bath, 
composed of about equal parts of that salt and water. The 
test of nitrate of silver with nitric acid (page 136.) is then 
applied to the product of the distillation. If the subject of 
examination is the contents of the stomach, and a mere trace 
only is detected, no conclusion as to poisoning can be drawn, 
as this may have actually existed as an ingredient of the gas- 
tric juice. 

To get rid of the organic matter which Impedes the dis- 
tillation of the acid, Orfila recommends the addition of a 
concentrated infusion of galls to the contents of the stomach, 
until no further precipitate is produced. The precipitate is 
allowed to subside, and the reddish-yellow supernatant liquid 
is carefully distilled at a moderate heat until the residue is 
nearly dry, the receiver being kept very cold. 

9. Oxalic acid. 

The mixture suspected to contain this acid is first filtered 
and mixed with carbonate of potash. The oxalic acid is 
then precipitated by a solution of acetate of lead ; the pre- 
cipitate (partly oxalate of lead) is collected on a filter, 
washed, diffused in water, and decomposed by sulphuretted 
hydrogen : sulphuret of lead and free oxalic acid are formed. 
The mixture is then filtered, heated to expel sulphuretted 
hydrogen, and a salt of lime applied as a test for oxalic acid, 
as directed at page 126. 

If lime or magnesia has been administered as an antidote, 
this process must be somewhat modified. The suspected 
mixture is allowed to stand some time to permit the inso- 
luble oxalate to subside, and the supernatant liquid decanted. 
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The insoluble residue is now boiled with a solution of car- 
bonate of potash, and filtered. By this operation there 
are formed a carbonate of the earth and oxalate of potash. 
Add to the solution a slight excess of nitric acid, filter, ren- 
der the liquid alkaline by carbonate of potash, and filter 
again. The object of these operations is to get rid of animal 
matter, some portion being removed at each step. The alka- 
line solution of oxalate of potash is now mixed with acetate 
of lead, and the precipitated oxalate treated as above by 
sulphuretted hydrogen. 

10. Hydrocyanic acid. 

If the organic mixture is of such a nature as to prevent the 
detection of this acid by its usual tests, recourse must be had 
to distillation. The mixture is first filtered, mixed with sul- 
phuric acid, to combine with all the ammonia which may 
have been produced by the decomposition of organic matters, 
and then distilled in a water-bath until one eighth has been 
collected. To this product the tests of nitrate of silver and 
of potash and protosulphate of iron (page 143.) are applied. 

11. Alcohol. 

According to Dr. Christlsoii, alcohol may be detected in 
the contents of the stomachs of persons who have died from 
the excessive use of spirits several weeks after death. To 
separate the alcohol, the contents of the stomach are mixed 
with a quantity of carbonate of potash, and carefully dis- 
tilled ; the distilled product is mixed with sulphuric acid to 
combine with ammonia, and redistilled until one fifth has 
passed over. The product thus obtained is agitated with 
dry carbonate of potash, on which alcohol of about the 
strength of rectified spirit rises to the surface. 


u 
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CHAPTER X. 

QUALITATIVE ANALYSIS OF URINE, AND DISCRIMINATION 
OF URINARY CALCULI. 

SECTION I. 

QUALITATIVE ANALYSIS OP URINE. 


Urine should be submitted to examination soon after It is 
voided, as it is subject to alteration in its characters by ex- 
posure to the air. The action of the urine on delicate test 
paper may first be observed : healthy urine is always slightly 
acid to test paper. The specific gravity of the urine should 
next be determined. That of healthy urine is from 1015 to 
1025 : when the specific gravity is 1030, or higlier, the pre- 
sence of sugar or of an excess of urea may be suspected. 

The substances to be sought for are the following : urea ; 
uric acid ; urate of ammonia ; mucus ; phosphates of lime, 
magnesia, and alkalies; alkaline sulpliates and chlorides; 
albumen, and sugar. 

1. Urea , — To detect urea, evaporate some of the urine to 
one eighth part of its original bulk, and add half its reduced 
volume of nitric acid. Crystals of nitrate of urea are deposited 
either immediately or on standing a short time. If the urine 
is albuminous, it may be evaporated to dryness by a water- 
bath, the dry residue digested in boiling acohol, and the alco- 
holic liquid evaporated to dryness. This residue is redis- 
solved in a little water, and the solution tested with nitric 
acid as above. If the urine contains sugar, in order to test it 
for urea it is mixed with a little yeast and kept slightly warm ; 
when aU fermentation has ceased, the liquid is evaporated to 
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dryness, and the residue treated with alcohol, &c., as in the 
case of albuminous urine. 

2. Uric acid and urate of ammonia, — When half a pint of 
urine is mixed with a few drops of nitric acid, and the mixture 
allowed to stand for several hours, uric acid (proceeding from 
the decomposition of urate of ammonia) is deposited on the 
sides of the vessel in minute crystals. If these crystals are 
collected, dissolved in a small quantity of nitric acid, and the 
solution evaporated to dryness, the addition of ammonia to 
the residue developes a purple colour, owing to the formation 
of murexid. 

Urie acid requires 10,000 parts of cold water for its solu- 
tion : it is soluble in solution of potash without the disen- 
gagement of ammonia in the cold, and is rcpreciptated from 
the alkaline solution by the addition of hydrochloric acid. 

Urate of ammonia is soluble in about 500 parts of cold 
water, and much more freely in l)oirmg water. It dissolves 
in solution of potash with evolution of ammonia. It is en- 
tirely dissipated by exposure to a red heat, if free from the 
urates of soda and lime. Urate of ammonia is precipitated 
when urine is evaporated over a surface of sulphuric acid 
under the receiver of an air-pump. 

3. Mucus . — Soon after the urine is voided, mucus, if present, 
is deposited as a liglit cloud, soluble in nitric acid, acetic acid, 
and potash, but not in sulphuric acid. It is precipitated from 
its solution in an acid by yellow prussiate of potash. An 
infusion of gall-nuts precipitates mucus from urine. 

4. Fixed alkaline and earthy salts. — The white ash ob- 
tained by incinerating at a moderate heat the residue o 
the evaporation of urine may contain phosphates of soda, 
lime, and magnesia, sulphates of potash and soda, common salt, 
and alkaline and earthy carbonates, proceeding from the 
decomposition of lactates, oxalates, and urates. By the appli- 
cation of water, the alkaline salts are separated from the 
earthy salts. The aqueous solution is tested in the usual way 
for chlorine^ sulphuric acid, and phosphoric acid. The portion 
of the ash insoluble in water may be dissolved , in a little 
hydrochloric acid, and a part of the solution tested for phos^ 

V 2 
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phoric acid by the test described at page 127. ; the remainder 
of the hydrochloric acid solution is nearly neutralized with 
ammonia^ and tested first for lime with oxalate of ammonia, 
and after filtration, for magnesia^ by excess of ammonia, which 
should produce a precipitate of ammonio-phospliate of mag- 
nesia. 

When ammonia is added to urine, the whole of the earthy 
phosphates is precipitated. If such a mixture, after filtration, 
produces a precipitate with lime-water, alkaline phosphates 
are present. 

When oxalate of potash is added to urine, lime is preci- 
pitated as oxalate. If ammonia is afterwards added, magnesia 
is precipitated as ammonio-phosphate. 

When urine which contains an excess of earthy phosphates 
is boiled, it becomes turbid: if the turbidity disa 2 )pears on 
the addition of a few drops of nitric acid, and is not reproduced 
by a larger (piantity of nitric acid, it proceeds from earthy 
phosphates, and not from albumen. 

Oxalate of lime is sometimes formed as a crystalline de- 
posit from urine. It is recognised by its insolubility in 
acetic acid, and in becoming converted by gentle ignition into 
carbonate of lime, which effervesces with acids, (page 126.) 

5. Sugar, — A very convenient and satisfactory test for 
the presence of sugar in urine is the following, j^roposed by 
M. Trommer. To the suspected urine contained in a large 
test-tube, add first a few drops of a solution of sulphate of 
copper, and afterwards, a decided excess of solution of caustic 
potash. The hydrated oxide of copper at first precipitated 
by the alkali redissolvcs in the excess of alkali, either partially 
or entirely, if sugar is present, forming a purplish-blue liquid 
similar to the amrnoniacal solution of oxide of copi)er. On 
applying a gentle heat to the liquid, hydrated suboxide of 
copper is precipitated as a copious yellowish-broAvn powder. 
A little oxide of copper may be dissolved by the excess of 
alkali, although sugar is absent ; but, in that case, the liquid 
does not afford the yellowish precipitate of hydrated suboxide 
of copper on being warmed. This test for sugar in urine is 
not only the .most convenient that is known, but is highly 
characteristic and delicate. 
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The presence of sugar in urine may also be discovered 
by adding a little yeast, and keeping the mixture mode- 
rately warm. The vinous fermentation soon ensues if the 
urine contains sugar. The quantity of sugar may be roughly 
estimated Iqj ascertaining the amount of carbonic acid 
disengaged : one cubic inch of gas corresponds to nearly one 
grain of sugar. 

6. Albumen. — Urine which contains albumen is usually 
muddy and dull. When urine which contains albumen is 
boiled, the albumen is precipitated as an opaque white cloud, 
which is distinguished from the similar deposit of earthy 
phosphates by the application of nitric acid. A small quan- 
tity of nitric acid dissolves both albumen and the phosphates, 
but the former is reprecipitated by a further addition of nitric 
acid, while the phosphates remain in solution. 


SECTION II. 

DISCRIMINATION (bY CHEMTCAD TESTs) OP URINARY CALCULI, CON- 
SISTING OF A SINGLE DEPOSIT, OR OP ALTERNATING CALCULI. 

1. Bone-earth calculus. — This calculus is insoluble in potash 
and in acetic acid, but soluble in dilute nitric and hydro- 
chloric acids. Before the blowpipe it first becomes black, 
and afterwards white : it is fused with difficulty. 

2. Ammonio-magnesian phosphate, — It does not dissolve, 
but evolves ammonia, when digested in solution of potash. 
It is soluble in cold acetic and dilute nitric acids, and is 
reprecipitated by ammonia. It gives off ammonia at 212°, 
and melts into a white pearl before the blowpipe. 

3. Fusible calculus. — A portion of this calculus is dis- 
solved by acetic acid, and the remainder by hydrochloric acid. 
.It readily fuses to a pearly bead before the blowpipe. 

4. Uric acid calculus. — It is readily soluble iq potash, and 

u 3 
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is reprecipitated by acids. In strong nitric acid it dissolves 
with effervescence, the solution leaving, when evaporated to 
dryness, a residue, which on being treated with an excess of 
ammonia becomes of a purple-red colour. Uric acid is nearly 
insoluble in hydochloric acid. Before the blowpipe it evolves 
an ammoniacal odour and blackens, leaving a minute portion 
of a white ash, which possesses an alkaline reaction. 

5. Urate of ammonia calculus. — It is soluble in potash 
with evolution of ammonia. It is soluble in alkaline car- 
bonates, while uric acid is not. With nitric acid it behaves 
as uric acid does. It usually decrepitates before the blow- 
pipc. 

6. Cystic oxide calculus. — This calculus is soluble in alka- 
lies and in the carbonates of the fixed alkalies, giving a 
solution which is decomposed by heat, ammonia being first 
evolved, and after some time a combustible gas, smelling like 
biaulphuret of carbon. It is soluble in phosphoric, hydro- 
chloric, sulphuric, nitric, and oxalic acids ; and insoluble in 
water, alcohol, bicarbonate of ammonia, and tartaric, citric, 
and acetic acids. Before the blowpipe it exhales a peculiar 
feetid odour. 

7. Xanthic oxide calculus. — It is completely dissolved by 
potash, and is reprecipitated by carbonic acid, as a white 
powder, which becomes on drying a pale yellow agglutinated 
ma'^^s, possessing a waxy appearance. It is soluble in nitric 
acid with effervescence. When that solution is evaporated 
to dryness, and the residue treated with ammonia, no red 
colour is developed, as with uric acid. This calculus is very 
slightly soluble in hot water and in hydrochloric and oxalic 
acids. Concentrated sulphuric acid dissolves it, forming a 
yellow solution. 

8. Oxalate of lime calculus. — This calculus is insoluble in 
potash : it is decomposed by digestion in carbonate of potash, 
with formation of carbonate of lime and oxalate of potash. 
It is insoluble in acetic acid, but soluble in hydrochloric and 
nitric acids. When heated to dull redness, it is converted into 
carbonate of lime, which dissolves in acids with effervescence. 
If heated before the blowpipe, it is reduced to quick-lime. 
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which, when moistened, produces an alkaline reaction on test 
paper. 

9. Carbonate of lime calculus . — It dissolves with effer- 
vescence in dilute acids, affording a solution which gives a 
precipitate with oxalate of ammonia. 

10. Calculi containing silica leave, after calcination before 
the blowpipe, an infusible ash (principally silica), Avhich dis- 
solves In a melted bead of carbonate of soda with effer- 
vescence, producing a vitreous pearl, more or less limpid. 




PART IV. 


QUANTITATIVE ANALYSIS. 
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rUELIMINATlY OBSERVATIONS. 

The portion of material employed in a Quantitative Analysis 
sliould not in general exceed thirty grains : from twenty to 
twenty-five grains of an inorganic body is the most convenient 
quantity, except in those cases in which a substance existing 
in minute proportion is to be determined, when more may be 
used. When a larger amount is operated on, the chances of 
error in the analysis are seldom reduced ; while, from the 
greater quantities of precipitates to be filtered and washed, 
and of liquids to be evaporated, a much longer time is neces- 
sary for the execution of the analysis. If the substance to be 
analyzed is solid and pulverizable, it must be reduced to a 
fine power, and cautiously dried, to get rid of all hygromctric 
moisture without expelling any of its chemically combined 
water. A temperature of from 100® to 150® Fahr. is quite 
sufficient to effect this ; but if the body parts with its com- 
bined water at that degree of heat, it is then necessary to dry 
it at common temperatures, by exposure to a surface of oil of 
vitriol in a close vessel. The oil of vitriol is most conve- 
niently contained in a shallow bason, across the top of which 
are placed wires to support a piece of bibulous paper, on 
which the substance to be dred is strewed. The bason is 
placed on a level surface, and covered with a bell jar, having 
a ground bottom, to which a little grease is applied in order 
to render the jar air-tight ; or, the bason may be placed under 
the receiver of an air-pump, in which a vacuum is maintained. 
Six or eight hours’ exposure is generally sufficient. To pre- 
vent the absorption of any water during the weighing, the 
substance should be weighed in a tube about two inches in 
length and a quarter of an inch in diameter, transferred 
directly to the vessel in which it is to be dissolved, and the 
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weight of the empty tube with its adhering particles ascer- 
tained and deducted from the entire weight of the tube and 
substance. If the substance for analysis is a liquid, it may 
be weighed in a specific-gravity bottle, whose weight when 
empty has been previously ascertained ; the liquid is poured 
out into a convenient vessel, and the bottle washed out several 
times with distilled water, the washings being added to the 
original liquid. 

It has already been stated that a substance is generally 
obtained in a fit state for weighing by precipitation from a 
state of solution. (Seepage 8.) Particular processes will now 
be described, which are practised in the quantitative estima- 
tion of bodies, supposing those bodies or their compounds to 
exist in a state of purity, with the various methods of sepa- 
rating substances from one another in a state of mixture, for 
the purpose of their quantitative determination; commencing 
with the alkalies and earths, and proceeding to the metals 
proper and non-metallic bodies ; those mixtures only being 
considered which occur in nature or are likely to be presented 
for examination. I have pursued as far as possible the plan 
adopted by Rose, in his valuable Handhuch der Analy- 
tischen Chemicy^ of treating, under each substance, of the mode 
of separating it from those bodies which have been previously 
considered; so that a method of separating any two sub- 
stances being required, the process, if given, will generally 
be found under the last-mentioned of the two bodies in ques- 
tion. 

In quantitative as in qualitative analysis, advantage is 
taken of certain similarities in the properties of bodies, which 
permit of their classification into groups, separable from each 
other by a single agent : thus sulphuretted hydrogen removes 
one class of metals proper from a solution, and hydrosul- 
phate of ammonia another class, leaving earths and alkalies, 
the former of which may be precipitated by a fixed alkaline 
carbonate. 
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CHAPTER L 

ALKALIES AND THEIR METALLIC BASES. 

SECTION I. 

POTASSIUM. 

If the potash to be weighed exists cither as sulphate or 
nitrate, or as chloride of potassium, the salts arc weighed as 
such, if pure, and the quantity of base contained in them is 
calculated. * 

If the potash is in a state of solution as neutral sulphate^ 
evaporate the liquid to dryness in a platinum or porcelain 
capsule ; transfer the residue carefully to a weighed platinum 
crucible, ignite the salt with the cover of the crucible on, to 
prevent loss by decrepitation, and weigh what remains. If 
an excess of sulphuric acid existed in the solution, the bisul- 
phate of potash will be fonned, which must be converted into 
the neutral sulphate before weighing. This is done by placing 
a piece of dry carbonate of ammonia in the crucible, when 
heated nearly to redness, and afterwards heating more strongly. 
The excess of sulphuric acid then volatilizes as sulphate of 
ammonia, neutral sulphate of potash remaining in a state fit 
to be weighed. 

When the potash exists as nitratCy the solution is evapo- 
rated to dryness in a weighed platinum capsule, and kept at 
a temperature of 212"^ until the weight of the nitrate becomes 
constant. 

If as chloride of potassiuniy the only particular precaution 
to be observed is, that this salt m\ist not be heated above a 
dull-red heat, as it is volatile at somewhat higher tempera- 
tures. 

If united to the weaker volatile acids, the salt of potash 
must be converted into the sulphate, or into chloride of 

♦ Tables for calculations in analysis are given in the Appendix. 
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of potassium, by the addition of sulphuric or hydrochloric 
acid ; the solution is evaporated to dryness, and the residue 
ignited with the precautions above mentioned. 

When in combination with an acid which when free is 
soluble in alcohol, potash is sometimes estimated as the 
double chloride of platinum and potassium. The solution is 
evaporated to a small bulk, mixed with solution of chloride of 
platinum, and evaporated nearly to dryness. When treated 
with alcohol, the residue dissolves, with the excejition of the 
double chloride of platinum and potassium, which is collected 
on a weighed filter (page 15.), washed with alcohol, dried arid 
weighed on the filter. From the weight of the double salt 
that of the potassium it contains may be calculated. ( See the 
Tables in the Appendix.) 

If it is known with certainty that all the potash present in 
a solution is in the state of neutral sulphate, or as chloride of 
potassium, and that no sulphuric acid or chlorine is present, 
except in combination with potash (or potassium), then the 
amount of potash (or potassium) is determined indirectly by 
estimating the sulphuric acid, or chlorine, by processes else- 
where described : 40 parts of sulphuric acid, and 35*47 parts 
of chlorine, indicate 47*3 parts of potash, or 39*2 parts of 
potassium. The same observations apply to the estimation of 
soda : 40 parts of sulphuric acid, and 35*47 parts of chlorine, 
indicate 31*3 parts of soda, or 23*3 parts of sodium. 


SECTION II. 
soniuM. 

Soda may be weighed either in the state of sulphate f 
soda, or chloride of sodium ; the same precautions being ob- 
served in the separation and ignition of these salts as with the 
corresponding compounds of potassium. (Sec the last para- 
graph of the previous section on the estimation of potash.) 
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Separation of potash from soda , — One process for the sepa- 
ration of these alkalies is founded on the solubility of the 
chloride of platinum and sodium, and the insolubility of the 
corresponding chloride of platinum and potassium. Both 
alkalies are converted into chlorides, ignited, and weighed. 
They are then redissolved in water, and mixed with 3*7 times 
their weight of crystallized chloride of platinum and sodium, 
which precipitates the chloride of platinum and potassium. 
The precipitate is collected and weighed in the manner 
described under potassium, and from its amount, that of the 
chloride of potassium is calculated. The weight of the latter 
deducted from the weight of the mixed chlorides, gives that 
of the chloride of sodium. 

If hyperchloric (perchloric) acid is added to a mixture of 
potash and soda salts, it precipitates potash, but not soda. 
The mixture is evaporated nearly to dryness, and the residue 
treated with alcoliol, in which hyperchlorate of potash is 
quite insoluble. This salt is collected on a filter, dried, and 
heated carefully to dull redness, when it leaves chloride of 
potassium, which may be weighed, and the corresponding 
amount of potassium, or of potash or salt of potash, calcu- 
lated. The weight of the mixed salt of soda and potash 
being known, the loss expresses the quantity of the soda 
salt. 

When existing as sulphates (into which most salts of the 
alkalies may be converted by the addition of sulphuric acid), 
add to the mixture an excess of a solution of hyperchlorate 
of barytes ; collect the precipitate, which consists of hyper- 
chlorate of potash and sulphate of barytes, on a filter, and 
wash it with hot water to dissolve out the former salt. If the 
sulphates did not contain excess of acid, the weight of the 
sulphate of barytes may be ascertained, and from it that of 
the sulphuric acid calculated. Evaporate the filtered liquid 
to dryness, and treat the residue with alcohol, by which 
hyperchlorate of soda and the excess of hyperchlorate of 
barytes are dissolved, and an insoluble residue of hyper- 
chlorate of potash remains, which is filtered, washed with 
alcohol, dried, ignited, and weighed as chloride of po- 
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tassium. The filtered alcholic solution, containing hyper- 
chlorates of soda and barytes, is evaporated to dryness, 
the salts are redissolved in water, and sulphuric acid is added 
to precipitate barytes. Filter and evaporate the solution, 
which now contains sulphate of soda, to dryness : ignite the 
residue with a little carbonate of ammonia, and weigh it as 
neutral sulphate of soda. If the alkalies exist as chlcmdes, 
a similar process to the last is followed, hyperchlorate of 
silver being substituted for hyperchlorate of barytes, and 
hydrochloric acid for sulphuric acid. Chloride of silver is 
then formed in the steps in which sulphate of barytes would 
otherwise be obtained. 

These direct methods of analyzing a mixture of a potash 
salt with a soda salt are tedious and complex, and do not 
afford very accurate results. An indirect but more satisfac- 
tory process has been devised, founded on the difference which 
exists between the combining numbers of potassium and 
sodium. This process is applicable to the sulphates of 
potash and soda, and to the chlorides of potassium and 
sodium : if other salts of potash and soda are present, they 
should be converted into neutral sulphates or chlorides. If 
the two alkalies are in the state of neutral sulphates, the 
solution is evaporated to dryness, the residue is weighed with 
great nicety, when perfectly dry, and redissolved in water. 
The sulphuric acid in the solution of the mixed sulphates is 
then accurately determined by a salt of barytes, in the usual 
way, as described under the subject of sulphuric acid. From 
the weight of the mixed dry sulphates, and the quantity of 
sulphate of barytes they produce, the relative quantities of 
potash and soda required are obtained by calculation. 

1 part of neutral sulphate of potash produces 1*3 18 18 of 
sulphate of baryteSy and 

1 part of neutral sulphate of soda produces 1*61111 of 
sulphate of barytes. 

The number of grains of the material used is multiplied by 
1*31818 ; the product is subtracted from the number of 
grains of sulphate of barytes obtained by experiment; the 
remainder, divided by 0*29293, gives the quantity required 
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of sulphate of soda, which, when deducted from the amount 
of material used, of course leaves the quantity of sulphate of 
potash required. Suppose 20 grains of tlie mixed suljdiatcs 
to give 28-45 grains of sulphate of barytes, then the calcula- 
tions are as follow: 20 x 1*318 = 26*36 ; 26*36 28*45 

=2*09; 2*09 0*29293 = 7*13. Therefore 7*13 is the number 

of grains of sulphate of soda in 20 grains of the mixed 
sulphates; leaving 12*87 grains of sulphate of potash. 

If the two alkalies are in the state of chlorides, instead of 
suljdiatcs, the process for their estimation is precisely 
analogous. The total weight of the mixed chlorides is first 
obtained with great accuracy, and afterwards their amount 
of chlorine is determined by nitrate of silver in the ordinary 
manner : — • 

1 part of chloride of potassium produces 1*894 of 
chloride of silvery and 

1 part of chloride of sodium produces 2*400 of chloride 
of silver. 

The calculation, therefore, is as follows : the number of 
grains used of the dry chlorides is multiplied by T894; tlie 
product is subtracted from the number of grains of chloride 
of silver obtained by experiment ; the remainder divided by 
0*506 gives the quantity of chloride of sodium required, 
which, when subtracted from the number of grains of material 
employed, gives the amount of chloride of potassium. 

ALKALIMETRY. 

The branch of chemical analysis termed Alkalimetry has for 
its object the determination of the value of the carbonates of 
potash and soda met with in commerce, by making an estima- 
tion of their proportion of available alkali. The available 
alkali is that which exists in the free or caustic state, and 
that which exists as carbonate. Two simple processes for 
obtaining this have been contrived, by which results of 
sufficient accuracy for all ordinary purposes may be obtained 
with ease, after a very little experience. 
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I. In one of these incthods, the experiment consists in 
finding what quantity of an acid is required to destroy the 
alkaline reaction of a known w^eight of the specimen to be 
tested : in examining a soda ash which contains none other 
than the usual impurities, common salt and sulphate of soda, 
the quantity of acid required for the neutralization is of 
course exactly equivalent to the quantity of soda present in 
the free state and as carbonate. 

In this o])cratlon, a tube measure called an alkalimetcr is 
Fig. 19. employed (fig. 19.), about fourteen Inches in height, 
and five eighths of an inch in diameter, mounted 
i I on a foot, and capable of liolding, when full, a little 
more than 1000 grains of water. It is graduated 
; up to this amount into one hundred divisions, num- 
: : bered from the top downwards ; each division, there- 

fore, contains ten grains of water. 

The acid employed is sulphuric, made of such 
j a strength that a single measure of the alkalimetcr 
^ ' (ten grains measure of distilled watei*; is suf- 

ficient to neutralize exactly one grain of pure 
soda. Acid of tliis strength is obtained in the follow- 
ing manner: 170-6 grains of pure carbonate soda (obtained 
bv lieating the bicarbonate to dull redness in a platinum or 
])(n-celaiji crucible) are dissolved in four or five ounces of hot 
water. This quantity contains exactly 100 grains of pure 
soda. quantity, say a pint, of a dilute acid is prepared by 
mixing one part of oil of vitriol with ten of water by measure, 
with which the alkalimetcr is filled up to 0 (1000 grains 
measure of water), and poured from this very gradually into 
the solution of carbonate of soda above mentioned, until it 
has destroyed the alkaline reaction of the latter on test paper, 
and the mixture has become very feebly acid. The quantity 
of acid which has been required to produce this effect is 
accurately observed. Supposing it to be 90 measures, that 
quantity is of course equivalent to 100 grains of soda; but 
an acid is wanted, of which 100 measures, instead of 90, are 
required to neutnilize the soda: to procure this we have 
simply to add to 90 volumes of the acid, 10 volumes of water. 
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SO that the same amount of real acid which was before con- 
tained in 90 shall now be contained In 100 parts. For this, 
any vessel of sufficient capacity, divided accurately into 100 
e([ual parts, will suffice. Such is the method of preparing 
the test acid^ of which 1 alkalimeter measure (10 grains of 
water) is equivalent to 1 grain of pure soda: 22 measures 
should neutralize 100 grains of crystallized carbonate of soda, 
and 58^ measures, 100 grains of anhydrous carbonate of 
soda. 

In performing an actual analysis, 100 grains of the soda 
salt to be tested are weighed, dissolved in about three ounces 
of hot water, filtered if any carbonate of lime remains un- 
dissolved, and neutralized with the test acid ])oured fi*om the 
alkalimeter. The number of measures required rejiresents 
the amount of soda per cent, in the specinuai. If 50 grains 
of the soda-ash arc operated on instead of 1 00, the number 
of measures must of course be doubled to obtain the per- 
centage of soda. The test paper employed in alkalimetry 
should be exceedingly delicate; and a distinction must be 
made between the purplish-red tint which carbonic acid pro- 
duces, and the distinct reddening produced by suljdiuric acid, 
whicli should be the indication to guide the operator. The 
slight reddening which carbonic acid jiroduces may be dis- 
charged by the application of a gentle heat. 

If the only impurities contained in the soda-ash to be 
tested are chloride of sodium, sulphate of soda, and insoluble 
matters, the process just described may afford results of 
suffioient accuracy ; but frequently other bodies are [ircscnt 
which interfere with this process by neutralizing a portion of 
the test acid, such as sulphurct of sodium, and sulpliite and 
hyi)Osulphite of soda, which arc liable to occasion a consider- 
able error by taking up the sulphuric acid. One method of 
avoiding this source of fallacy consists in mixing the solution 
of the ash with chlorate of potash, evaporating to dryness, 
and heating the residue to redness ; the sulphuret, sulphite, 
and hyposulphite are thereby converted into the sulphate of 
soda, which does not interfere in the process, A more con- 
venient method of avoidiiig error from this source may be 

X 2 • * 
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adopted when the soda-ash is tested by another alkalimetric 
process, to be noticed immediately. 

The same test acid used for soda may also be employed in 
analyzing the carbonates of potash ; but as the equivalent of 
potash is higher than that of soda, the number of measures 
poured from the aJkalimeter cannot represent the per centage 
of this alkali, as it does of soda. A simple calculation, how- 
ever, reduces the numbers for soda to those for potash ; their 
respective equivalents being very nearly as 2 to 3, the number 
of measures necessary to saturate 100 grains of the specimen, 
multiplied by 3 and divided by 2, gives the per centage of 
potash required. 

II. In the other alkalimetric process above alluded to, the 
proportion of available alkali is determined by observing the 
amount of carbonic acid gas disengaged on the neutralization 
of the carhoiuite, which amount is exactly proportional to the 
quantity of pure alkali in the carbonate decomposed. This 
process is, therefore, of no value when the soda-ash contains 
either caustic soda or bicarbonate of soda. The mode of 
conducting this oj)eration is described under the head of 
carbon (^Anah/sls of Carbonates), 

If all the available alkali is in the state of neutral car- 
bonate, and no sulphite or hyposulphite of soda or sulphuret 
of sodium is present to occasion an evolution of sulphurous 
acid or sulphuretted hydrogen, then the value of the soda-ash 
may 1 jc calculated from the loss in the weight of the flask used 
in this operation, at the close of the experiment: 22 parts 
(1 eq.) of the disengaged carbonic acid indicate 31-3 parts 
(1 cq.) of soda; 1 part of carbonic acid indicates 1*4227 
parts of soda. 

The ingredients of soda-ash which would affect the results 
obtained by this process arc carbonate of lime, sulphite and 
hyposulphite of soda, sulphuret of sodium, caustic soda, and 
bicarbonate of soda. 

The inconvenience which arises from the presence of car- 
bonate of lime, may be surmounted by dissolving the soda-ash 
in water and filte^‘ing the solution; but the filtered liquid 
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requires to be concentrated by evaporation to a very small 
bulk, proportional to the size of the flask. This operation, 
however, rarely needs to be practised in testing soda-ash for 
commercial purposes. 

The presence of sulphite or hyposulphite of soda or sul- 
phuret of sodium may be detected by adding some of the 
‘ soda-ash to dilute sulphuric acid, coloured reddish-yellow 
with bichromate of potash, the alkali not being added in suffi- 
cient quantity to saturate the acid. If the above salts are 
present, the reddish-yellow colour is changed to green, 
owing to the deoxidation of the chromic acid and formation 
of oxide of chromium. Soda-ash which contains sulj)hurct of 
sodium gives a black precipitate with a solution of acetate of 
lead, and disengages the odour of hydrosulphate of ammonia 
when moistened with a solution of common carbonate of am- 
monia. To avoid the evolution of sulphurous acid or sulphu- 
retted hydroden during the operation, MM. Fresenius and 
Will recommend the addition to the soda-ash of a small 
quantity of yellow chromate of potash, the chromic acid of 
which serves to oxidize the sulphurous acid into sulphuric, 
and the hydrogen of the sulphuretted hydrogen into water, 
with separation of sulphur. As soda-ash is seldom or never 
altogetlier free from one of these Impurities, the yellow chro- 
mate may be always added in this mode of testing, and the 
trouble of first ascertaining the presence of the sulphite, &c., 
by a preliminary experiment be avoided. 

A convenient method of determining on the ])rcsencc or 
absence of caustic soda in the carbonate of commerce consists 
in adding an excess of i)erfectly neutral chloride of barium to 
the soda-ash, treating the mixture with hot water and filter- 
ing ; if the filtered liquid produces an alkaline reaction on 
test paper, the presence of caustic soda may be inferred. 
Sulphuret of sodium would behave with this test in the same 
manner as caustic soda ; but the sulphuret is never found un- 
accompanied by the caustic alkali. Before a specimen of 
soda-ash containing caustic soda can be tested for its alkali by 
the process last described, the caustic soda must be converted 

into neutral carbonate. To effect this, the weighed sample 

« 
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may be rubbed up with from one fourth to one third of its 
weight of powdered carbonate of ammonia, and three or four 
parts of siliceous sand ; the mixture is placed in a porcelain 
capsule, thoroughly wetted with water, and then heated until 
the whole of the water and carbonate of ammonia is expelled. 
(MM. Fresenius and Will.) In this operation the caustic 
soda unites with the carbonic acid of the ammoniacal salt, and 
free ammonia is disengaged. When the odour of ammonia is 
no longer perceived, the mass is transferred to the flask and 
decomposed in the ordinary manner. The principal use of 
the sand is to prevent the mass from caking. When the 
8oda«ash contains sulphurct of sodium, the carbonate of 
ammonia should first be mixed with sufficient solution of 
ammonia to convert the bicarbonate, always present in the 
common carbonate, into the neutral carbonate : the latter is 
without action on the alkaline sulphurct, but the bicarbonate 
of ammonia and sulphurct of sodium suffer mutual decompo- 
sition when placed in contact, water being also present. 

After lengthened exposure to the air, soda-ash sometimes 
contains a little bicarbonate or sesquicarboiiate of soda, which 
would interfere with the results of this method of alkalimetry, 
if present in an appreciable quantity. To detect the presence 
of the bicarbonate, the soda-ash is dissolved in water, mixed 
with an excess of solution of chloride of calcium, and the 
solution is filtered from the precipitate of carbonate of lime : 
the filtered liquid is then tested with pure solution of am- 
monia : if a precipitate or turbidity appears, the bicarbonate 
is present. The weighed sample of soda-ash must then be 
heated to dull redness to reduce the bicarbonate to neutral 
carbonate, before it can be tested by this process. 

Ar^alysis of a mixture of carbonate of soda and caustic soda, 
— 1, To determine the relative proportions of caustic and 
carbonated alkali, the carbonic acid in the mixture may be 
ascertained both before and after treatment with carbonate of 
ammonia ; the amounts of caustic and carbonated alkali can 
be calculated from the difference in the results of the two 
experiments. 2. The same object may also be attained by 



QUANTITATIVE ANALYSIS. 


311 


testing the material by both of the alkalimetric processes 
luire described : by the first, to determine the entire propor- 
tion of alkali ; and by the second, to determine the proportion 
of carbonic acid. 3. The most convenient way, however, 
is first to obtain the entire proportion of alkali by the test 
acid in the usual manner; and afterwards to obtain the 
amount of caustic alkali, by mixing an excess of chloride of 
barium with the material, then adding hot water, filtering the 
liquid, washing the carbonate of barytes on the filter, and 
determining the number of measures of test acid necessary 
for the neutralization of the filtered liquid. That number 
represents the amount of caustic alkali present in grains. 


SECTION III. 

AMMONIA. 

If the ammonia whose amount is to be estimated exists in 
aipieous solution, and in the free state unaccompanied by 
auimoniacal salts except the muriate, a slight excess of hydro- 
chloric acid is added, and the solution Is evapoi’ated to dry- 
ness in a weighed platinum capsule, by means of a water- 
bath. When dry, the residue is weighed, again heated in 
the water- bath and weighed. This is repeated so long as it 
suffers any loss. From the weight of the muriate of ammo- 
nia obtained, that of the ammonia is calculated : 1 part of 
muriate of ammonia represents 0*32077 of absolute ammonia. 
After the last weighing, the capsule is heated strongly, to 
sublime the muriate of ammonia. The loss now experienced, 
which should be pure muriate of ammonia, affords another 
datum in the calculation. 

This method of estimating ammonia is not strictly exact, 
inasmuch as a minute quantity of muriate of ammonia volati- 
lizes during the evaporation to dryness; but the quantity 
lost is so very small as not to be apjircciatcd without an 
extremely delicate balance. The following, however, is a 
more precise method. To the ammoniacal liquid, slightly 
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supersaturated with hydrochloric acid, a solution of chloride 
of platinum is added, and the mixture is evaporated to dry- 
ness. Tlic dry residue is digested in a mixture of two 
measures of alcohol, and one measure ot* etlier, in which liquid 
the excess of chloride of platinum dissolvers, and leaves the 
double chloride of j)latinurn and ammonium undissolved. If 
the liquid has a yellow colour, sufficient chloride of platinum 
has been introducred, and the chloride of platinum and ammo- 
nium may be collected on a filter, washed with a little alcohol, 
dried and weighed. To control this weigliing, the double 
chlori<l(i is (raleined, in order to convert it into metallic plati- 
num, whicli is also weighed : 1 part of chloride of platinum 
and anm)()ni mu corresponds to 0*07093 01 ammonia; and 1 
part of metallic, platinum eorrcsjionds to 0*17390 ot ammonia. 

The ( stlmallon of aumionia in ammoniacal salts is per- 
foriiied in the following iiiamier, A kjiown weiglit of the 
salt is iiitroduced into a small tubulated rcb>i t, liaviug a tube 
funue! passing through a. corkiii tlie tulMilurc. Tlie exiriaiiity 
of the ttinnei nuist reach nearly to tire IxU.tom the retort, 
and be drawn out t(» a capillary just large cnougb to allow 
a li([uid to tlow through. The substance beiiig iiitroduced, 
tlur retort is e.h)sely connected vriiii a receiver containing 
dilute hydrochloric ticid, the beak of the retort just touching, 
but ea)t dipping uiuler, the surface of the litjuid. A strong 
solution of potash is then introduced into the retort through 
the funnel, and heat is applied to distil the ammoiiia., which 
becomes free by the action of potasli, into the rc(‘.civer. If 
necessary, mt)re solution of potash may be added, and aftei*- 
wards water, to drive all the ammonia into the dlhitii acid. 
The solution of muriate of ammonia thus olitained in the 
receiver is either evaporated, and the muriate of ammonia 
estimated in the manner first described, or the liquid is 
mixed with clxlorldc of platinum, and the ammonia estimated 
according to the second of the above processes. 
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The best mode of estimating lithia, every base except pot- 
ash and soda having been previously separated from the solu- 
tion, is by means of the double phosphate of soda and Hthia. 
Pure phosphate of soda and a little carbonate of soda are 
added to the solution, and the whole is evaporated to dryness. 
On dissolving the dry mass in water, a white salt remains, 
insoluble in a solution of phosphate of soda, but slightly 
soluble in hot water. This is the double phosphate of soda 
and lithia. The quantity precipitated generally increases a 
little on standing. It is collected on a filter and washed with 
cold water. In consequence of the slight solubility of the 
double phosphate, the washing should not be prolonged 
beyond what is absolutely necessary. It should be heated to 
redness before being weighed. One part of the double 
phosphate contains 0*1238 of lithia. 

If lithia is in combination with a volatile acid, and no other 
alkali is present, it may be estimated as sulphate, by simply 
adding sulphuric acid, evaporating to dryness, and heating to 
redness before weighing: 54*44 parts of sulphate of lithia 
contain 14*44 parts of lithia. 

Separation of lithia from potash and soda , — When the three 
fixed alkalies exist together in solution, first determine the 
entire weight of the mixed salts by evaporation to dryness ; 
after weighing, redissolve the residue, and estimate the pot- 
ash as chloride of platinum and potassium. Through the 
solution filtered from the double chloride, transmit a stream 
of sulphuretted hydrogen gas, to remove the platinum it con- 
tains from the excess of chloride employed, evaporate, and 
proceed to estimate lithia as the phosphate of lithia and soda. 
The sum of the weights of the potash and lithia salts (ascer- 
tained by calculation) deducted from the weight of the mixed 
salts first determined, leaves the weight of the soda salt. 
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CHAPTER II. 

ALKALINE EARTHS AND EARTHS PROPER, AND THEIR 
METALLIC BASES. 

SECTION I. 

BARIUM. 

Barytes is weighed in the form of sulphate. On adding 
sulphuric acid to the solution containing barytes, the sul- 
phate is immediately precipitated, but occasionally does not 
subside readily, and then passes through the pores of the 
fdter. On heating the liquor, or on the addition of a little 
nitric or hydrochloric acid, the precipitate aggregates, and 
may then be collected on a filter. The sulphate of barytes 
is washed, dried, and ignited in a platinum or poreelain cru- 
cible. From its weight that of barium or of barytes is calcu- 
lated. (See the Tables in the Appendix.) 

Barytes and alkalies are separated from each other by sul- 
phuric acid ; the liquid filtered from the precipitate of sul- 
phate of barytes is evaporated to dryness, and the alkaline 
sulphates may be determined by one of the processes before 
described. 


SECTION II. 

STRONTIUM. 

Strontlan is precipitated from its solutions for the purpose 
of being weighed either as sulphate or as carbonate ; but 
both of these salts possess a slight degree of solubility in 
water, and hence cannot be washed by water ivith impunity. 
If the strontian is united to an acid, which when free is 
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soluble in alcohol, and nothing can be formed on the addition 
of sulphuric acid which is insoluble in weak alcohol besides 
sulphate of strontian, it is preferable to estimate the strontian 
as sulphate. The solution to be precipitated should be con- 
centrated, mixed with alcohol and sulphuric acid, and the 
precipitate washed with weak alcohol, dried, ignited, and 
weighed. 

To estimate strontian as carbonate, add to the solution an 
excess of carbonate of ammonia mixed with a little free am- 
monia, apply bent to the mixture, filter the precipitate, wash, 
dry, and heat it to redness. Carbonate of strontian does not 
part with carbonic acid at a red heat. 

Strontian and barytes arc separated from each other, when 
in solution, by hydrofluosilicic acid, which precipitates barytes 
(although incompletely), but not strontian. A more common, 
but less perfect metliod is, to convert the earths into dry 
chlorides of the metals, and then treat with alcohol, which 
dissolves chloride of strontium, but leaves chloride of barium 
undissolved. 

Strontian is separated from the alkalies either as sulphate, 
by 8ulj)huric acid, or as carbonate, by carbonate of ammonia. 


SECTION III. 

CALCIUM. 

Lime is best precipitated from its solutions as oxalate, by 
means of oxalate of ammonia or oxalate of potash. The pre- 
cipitate, after being washed and dried, is ignited at a red heat, 
when it becomes converted into carbonate of lime, which is 
weighed. In performing this process several precautions 
are necessary : 1. That the solution to be precipitated is 

either neutral or slightly ammoniacal, as oxalate of lime is 
soluble in acids. If the solution is acid, a slight excess of 
ammonia must be added ; but this alkali may occasion the 
precipitation of a salt of lime, soluble in acids, but insoluble 
in water, and therefore precipitated on neutralization by an 



316 


QUANTITATIVE ANALYSIS. 


alkali; such for instance, as the phosphate or arseniate. For 
such salts of lime the process by oxalate of ammonia cannot 
well be employed. Oxalate of lime, however, is nearly inso- 
luble in acetic acid. 2. As the oxalate of lime subsides very 
slowly, the mixture must be boiled for some time, and allowed 
to stand until all the oxalate has subsided, otherwise it is im- 
possible to filter the solution perfectly. 3. In the conversion 
of oxalate into carbonate of lime by ignition, if a strong heat 
is employed, a portion of the carbonic acid of the carbonate 
may be expelled, thus subjecting the estimation of the lime to 
a considerable deficiency : to avoid this, after weighing the 
ignited carbonate, add to it a few drops of a strong solution 
of carbonate of ammonia, again ignite at a dull-red heat, and 
weigh. Repeat this as long as any increase in weight is 
apparent. 

In those salts which are soluble only in acids, and therefore 
precipitated from their solutions on the addition of ammonia, 
the lime is determined as sulphate, in a manner precisely 
similar to that described under the subject of strontian. If 
the compound of lime is soluble in acetic acid, then that acid 
is used as the solvent, and the lime is precipitated by the 
addition of oxalate of ammonia ; as oxalate of lime is insoluble, 
or very nearly so, in acetic acid. The precipitated oxalate 
of lime is w^ashed, dried, and ignited. 

Analysis of a mixture of caustic lime and carbonate of lime, 
— To determine the amount of carbonate of lime in such a 
mixture, the proportion of carbonic acid is estimated by the 
process described under the Analysis of Carb^n^tes.” 22 
parts of carbonic acid indicate 50’7 parts of carbonate of lime. 
The proportion of caustic lime is ascertained by mixing the 
material with a solution of muriate of ammonia, which is 
without action on carbonate of lime, but is decomposed by 
caustic lime, with formation of chloride of calcium and free 
ammonia. The mixture is thrown upon a filter, the car- 
bonate of lime on the filter washed, and the lime in the fil- 
tered liquid precipitated as oxalate. Or, if extreme accuracy 
is not required, the free ammonia in the filtered liquid is 
neutralized by the test acid employed in alkalimetry (page 
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306.); each measure of the alkalimeter requisite for the 
neutralization indicates the presence of 0*92 grain of caustic 
lime. 

Separation of lime from strontian. — When these two earths 
exist together in solution, their separation may be effected in 
the following manner. They are first converted into car- 
bonates by the addition of carbonate of soda or potash ; the 
precipitated carbonates are filtered, washed, and dissolved in 
dilute nitric acid to be converted into nitrates. The solution 
of the nitrates tl. us obtained is evaporated to dryness, to expel 
the last traces of nitric acid, and the residue is treated with 
alcohol, which dissolves nitrate of lime, but leaves nitrate of 
strontian undissolved. The nitrate of strontian is collected 
on a filter, and washed with alcohol. When washed, the 
salt may be dissolved in water, and the strontian estimated 
as sulphate : the lime of the nitrate in the filtered alcoholic 
liquid is estimated as oxalate. 

Separation of lime from barytes, — On adding sulphuric 
acid to the solution containing these two earths, both sulphate 
of barytes and sulphate of lime are precipitated ; but from the 
slight solubility of sulphate of lime in water, it may be com- 
pletely separated from suljdiate of barytes by a long-con- 
tinued washing on a filter. A solution of oxalate of ammonia 
is added to the filtered liquid, which should be concentrated 
by evaporation before the precipitated oxalate of lime is col- 
lected on a filter. 

Lime is separated from the fixed alkalies by oxalate of am- 
monia ; on evaporating the liquid filtered from the precipi- 
tated oxalate of lime to dryness, and calcining the dry salt, 
the excess of oxalate of ammonia is expelled, together with 
any other ammoniacal salt which may be present, leaving 
a residue, which may be treated in the usual way to obtain 
the alkali. 

The method of analyziiig limestones will be described 
under the Analysis of Carbonates.”(fl^^ Uir) 
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SECTION IV. 

MAGNESIUM. 

A solution of phosphate of soda, to which pure ammonia or 
its carbonate has been previously added, is employed to pre- 
cipitate magnesia from its solutions, for the purpose of being 
weighed. The magnesia then falls in the state of phosphate 
of magnesia and ammonia (2 Mg O, NII4 O, PO5 + 12 HO). 
Several precautions are necessary in this operation. The 
solution should be concentrated to a small bulk by evapora- 
tion ; it should be quite cold, and cither neutral or slightly 
ammoniacal, as the precipitated phosphate of magnesia and 
ammonia is soluble in free acids. Even carbonic acid, and, 
according to Stromeyer, alkaline carbonates, dissolve it 
to a small extent. If free carbonic acid exists in the so- 
lution, it must therefore be expelled by boiling; and if 
alkaline carbonates arc present, they should be decomposed 
by the addition of hydrochloric acid : the solution is after- 
wards boiled, and the excess of acid neutralized by pure 
ammonia. Phosphate of magnesia and ammonia is also 
slightly soluble in pure water: hence, if the proportion 
of magnesia in the solution is small, no precipitate is at first 
produced on the addition of phosphate of soda with ammonia. 
The jirecipitate appears, however, on stirring for some time, 
which should never be omitted before filtration. Although 
soluble in pure water, phosphate of magnesia and ammonia is 
not soluble in water which contains phosphate or muriate of 
ammonia in solution. A dilute solution of the latter salt is 
hence advantageously employed to wash the phoi^phate when 
collected on a filter. When dried and ignited, the muriate 
of ammonia is expelled, and the phosphate of magnesia and 
ammonia becomes reduced to phosphate of magnesia, 2 Mg O 
+ PO 5, containing 36'67 per cent, of magnesia, in which 
state this earth is weighed. 

Magnesia may also be precipitated in the form of carbonate, 
by the fixed alkaline carbonates ; but owing to the tendency 
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of the latter to form soluble double salts with the carbonate 
of magnesia, this method of estimating magnesia is not more 
certain than the preceding. A solution of carbonate of soda 
(this salt being preferable to carbonate of potash) is added to 
the hot magnesian solution, and the liquid boiled until the 
.precipitate is no longer bulky and light, but has become 
granular and heavy. As the presence of ammoniacal salts 
interferes with the iTeeqntation of magnesia in the state of 
carbonate, these should be expelled from the solution by 
boiling with a sufficient quantity of carbonate of soda, until 
the odour of ammonia is no longer perceptible. The pre- 
cipitate, if granular, and com|)aratively dense, is then col- 
lected on a filter, and the filtered liquid is evaporated to dry- 
ness. On treating the residue of the evaporation with boiling 
water, a minute quantity of carbonate of magnesia generally 
remains iindissolved, which should be added to that already 
on the filter. The precipitate, when washed, is dried, ignited 
strongly to expel carbonic acid, and weighed as pure mag- 
nesia. 

If magnesia exists in solution unmixed with other fixed 
bases, and not combined with a fixed acid, it may be esti- 
mated in the state of sulphate. The solution is evaporated 
to dryness, and if any ammoniacal salts arc present, heated 
to redness in a pbitimun crucible. The residue is treated 
with dilute sulphuric acid, again heated to redness, and 
weighed when cold. If the magnesia already exists as sul- 
phate, the addition of sulphuric acid is of course unnecessary. 

The separation of magnesia from lime can be effected by 
oxalic acid. Ammonia in very slight excess is added to the 
solution of the two earths in hydrochloric iicid, a previous 
addition having been made of muriate of ammonia, to pre- 
vent the precipitation of magnesia by ammonia. If the 
solution is very acid, a sufficient quantity of ammoniacal salt 
will be formed for the purpose, and the addition of muriate 
of ammonia is then unnecessary. If ammonia causes a pre- 
cipitate of magnesia, this must be redissolved in hydrocliloric 
acid, and a slight excess of the alkali again added, on which 
no precipitation will occur^ The lime is .then precipitated by 
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oxalic acid, or by oxalate of ammonia, the oxalate of lime is 
collected on a filter, and magnesia is precipitated from the 
filtered solution as carbonate or ammonio-phosphate of mag- 
nesia. After the precipitation of lime as oxalate, the solu- 
tion may deposit oxalate of magnesia on evaporation, if a 
large excess of oxalate of ammonia has been added : this is 
prevented by adding hydrochloric acid in very slight excess 
before the evaporation. If the magnesia in solution is to be 
precipitated as phosphate, the hydrochloric acid must be neur 
tralized by ammonia before precipitation. 

Dobereiner has proposed an excellent process for the se- 
paration of rnagnesa and lime, by the use of chlorate of pot- 
ash. The solution of the two earths in hydrochloric acid 
is evaporated to dryness, and the residue is calcined in a 
platinum crucible, to expel the excess of hydrochloric acid. 
Powdered chlorate of i)ota8h is then added so long as the 
evolution of chlorine is perceptible. On treating the dry 
mass with water, chloride of calcium and chloride of potassium 
are dissolved, and a residue of pure magnesia remains, which 
is filtered, washed, ignited, and weiglied. The lime in the 
filtered solution may be precipitated by oxalate of ammonia. 

When heated to redness alone, hydrated chloride of mag- 
nesium decomposes into magnesia and hydrochloric acid. 
Hydrated chloride of calcium, however, resists decomposition 
in this manner, or, at least, at the temperature necessary for 
the decomposition of chloride of magnesium. Hence, when 
a mixture of the two hydrated chlorides is ignited, on treat- 
ing the calcined mass with water, chloride of calcium alone 
redissolves, if the ignition has been continued a sufficient 
length of time for the chloride of magnesium to be fully 
decomposed. Magnesia then remains as an insoluble residue. 
It is, however, with difficulty that this decomposition of the 
hydrated chloride of magnesium can be completely effected 
alone ; but by the addition of chlorate of potash, as in Dobe- 
reiner’s process for the separation of lime from magnesia, it is 
remarkably facilitated. This arises from the decomposition 
of the hydrochloric acid, as it is evolved from the hydrated 
chloride, by the oxygen of the chlorate of potash ; water and 
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chlorine being the products of the decomposition. Six equi- 
valents of hydrated chloride of magnesium, and one of 
chlorate of potash, produce six equivalents of magnesia, six 
of water, one of chloride of potassium, and six of chlorine : or 
expressed in symbols : — 

6 Mg O. 

6(MgCl + HO)1 6 HO. 

KO, Cl 0^ J “ K Cl. 

6 Cl. 

Separation of magnesia from the fixed alkalies. — One of 
the best means of effecting the separation of magnesia from 
the fixed alkalies is the following : — The magnesia is first 
precipitated by subphosphate of ammonia, and the precipi- 
tated phosphate is filtered, washed, ignited, and weighed : 
acetate of lead is added to the filtered solution, to se})arate 
phosphoric acid (from the excess of phosphate of ammonia 
employed), and the precipitated j)hosj)hate of lead is sepa- 
rated by filtration. The lead in excess now existing in the 
solution is precipitated by supersaturation with suli)huretted 
hydrogen gas ; the solution is filtered and evai)oratcd to dry- 
ness. The residue of the cva[)oration consists of acetates of 
the alkalies, which may be converted into sulphates or chlo- 
rides by the addition of suljfiinric or hydrochloric acid, and 
estimated by methods already described. 

Liebig recommends a process for the separation of mag- 
nesia from the fixed alkalies, founded on the higher basic 
properties of barytes than magnesia. The solution contain- 
ing magnesia and alkalies is mixed with muriate of ammonia, 
evaporated to dryness, calcined, and the residue is dissolved 
in a small quantity of water. To this solution, saturated 
barytes-water is added, and the magnesia thereby precipitated 
is collected on a filter ; barytes is separated from the filtered 
liquid by sulphuric acid ; the solution is filtered, evaporated 
to dryness, and the residue calcined with a little carbonate 
of ammonia, (page 301.) Neutral alkaline sulphates remain, 
which may then be weighed. 

Y 
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Berzelius has recommended the following process for the 
separation of magnesia from the fixed alkalies, when existing 
in the state of chlorides, as is generally the case in mineral 
waters. The concentrated solution of the chlorides is mixed 
with protoxide of mercury (red oxide), and then evaporated 
to dryness. The chloride of magnesium and oxide of mercury 
undergo mutual decomposition, becoming magnesia and 
chloride of mercury ; the latter combines with the alkaline 
chloride to form a double salt. The dry mass is treated with 
water, the solution is filtered, evaporated to dryness, and the 
residue calcined to expel all the cliloride of mercury. What 
remains after the chloride of mercury is expelled, is the alka- 
line chloride, which may be weighed. The portion insoluble 
in water, consisting of a mixture of magnesia with the excess 
of oxide of mercury, is ignited strongly, in order to expel the 
latter. Pure magnesia then remains, in a fit state to be 
weighed. 


SECTION V. 

ALUMINUM. 

For the purpose of being weighed, alumina is precipitated 
from its solutions by ammonia or carbonate of ammonia. As 
pure ammonia exercises a slight solvent action on alumina, 
the carbonate should be used in all cases where it is admis- 
sible. When pure ammonia must be employed, however, the 
alumina is completely precipitated on boiling the solution for 
a short time. The j)recipitate is very bulky, and must be 
washed with hot water. 

If alumina is to be precipitated from its solution in the 
caustic fixed alkalies, the alkali may be first saturated with 
hydrochloric acid, of which a sufficient quantity is added to 
redissolve the alumina at first precipitated, and a solution of 
carbonate of ammonia, or ammonia, is then added to precipi- 
tate alumina : or the alkaline solution of alumina may be simply 
mixed with ^an excess of muriate of ammonia, which gives 
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rise to the production of chloride of potassium or sodium an^ 
free ammonia, with precipitation of alumina. The mixture 
should be heated, in order that the alumina may be com- 
pletely precipitated. 

Se2)aration of alumina from magnesia^ lime^ and the fixed 
alkalies, — Supposing these bases to exist together in solution, 
their separation can be effected in the following manner. 
Muriate of ammonia is first added to the solution, to prevent 
the precipitation of magnesia by ammonia, which alkali is 
next added to precipitate alumina. If the solution was pre- 
viously very acid, the addition of muriate of ammonia is 
unnecessary, as a sufficient quantity of an ammoniacal salt 
will be formed for the purpose, by the neutralization with 
ammonia. The ammonia should be perfectly free from car- 
bonate, otherwise carbonate of lime will be formed. The 
precipitate of alumina should be filtered as rapidly as possible, 
to prevent absorption of carbonic acid from the atmosphere 
by ammonia, and washed with distilled water. To the liquid 
filtered from the precipitate of alumina, oxalate of fimmonia 
is added to precipitate oxalate of lime^ which is collected on 
a filter, washed, and converted into carbonate by ignition in 
a ])latinum crucible, (page 315.) The precipitate of alumina 
produced by ammonia, carries down a little magnesia with it, 
whatever amount of muriate of ammonia may exist in the 
li(|uid : this magnesia is separated by dissolving the alumina 
in caustic potash; the magnesia remains undissolved by the 
alkali. To jjerform this, the precipitate of alumina, after 
being washed, should be dissolved in hydrochloric acid; an 
excess of caustic potash is then added to the solution, and 
the mixture heated in a porcelain or platinum capsule. The 
alumina, at first precipitated by the potash, redissolves in the 
excess of alkali, leaving magnesia undissolved, which is 
collected on a filter and washed. To the alkaline solution 
of alumina, hydrochloric acid is added until the precipitate 
of alumina at first produced is entirely redissolved ; a solu- 
tion of carbonate of ammonia in excess is then added to throw 
down the alumina. The small quantity of magnesia on the 
filter should be dissolved in hydrochloric ?Lcid, and this solu- 
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tlon added to that filtered from the oxalate of lime, which 
contains the greater part of the magnesia, together with the 
alkalies. Processes for the separation of magnesia from 
alkalies have already been described. 

When it is required to separate alumina from magnesia 
only, this may be accomplished by the same means as in the 
process just described, where lime and alkalies also arc sup- 
posed to be present. Muriate of ammonia is first added to 
the solution, and then caustic ammonia. The small quantity 
of magnesia preci])itatcd with the alumina is separated by 
hydrochloric acid and potash, in the manner described. The 
magnesia undissolved by potash is dissolved in hydrochloric 
acid, and added to the solution filtered from the precipitate 
l)y ammonia. From this solution magnesia may be preci- 
pitated, as the amnionio-phosphate. (i)age 318.) 

To separate alumina from lime only, the former is preci- 
pitated from the solution containing these earths by ammonia, 
whi(*.h miust be <piite free from carbonate of ammonia-, other- 
wise carbonate of lime will also be precipitated. The 
alumina should be collected on a filter as rapidly as possible, 
to prevent absorption of carbonic acid from the atmosphere 
by ammonia. After the filtered ammoniacal solution has been 
boiled to expel most of the excess of ammonia, the lime it 
contains may be precipitated by oxalate of ammonia or ox- 
alic acid. 

f rom barytes^ alumina is separated by precipitating the 
former earth as sulphate, by sulphuric acid or a soluble 
sulphate. 

To separate alumina and strontiariy the former may be 
precipitated by ammonia, the access of air being avoided as 
much as possible, to prevent the formation of carbonate of 
strontian. 

Alumina and iYiQjixcd alkalies may be separated by adding 
carbonate of ammonia, or free ammonia, to the neutral or 
acid solution. On evaporating the solution filtered from 
the precipitate of alumina to dryness, and calcining the 
residue, the ammoniacal salts which are present volatilize, 
leaving the salts of the fixed alkalies. 
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Solution of aluminous minerals, — The solution of a f(yW 
iriii)ei*als, which consist entirely or chiefly of alumina, is very 
difficult to effect by ordinary means. M. Rose has shown 
that when corundum and aluminates * arc reduced to a fine 
powder, they may be completely dissolved by first fusing; 
them with an excess of bisulphate of potash, and then di- 
gesting the fused mass in water. The mineral should be 
^pounded in a steel crushing- mortar, and not in an agate 
mortar, that no silica may be acquired by abrasion of the 
latter : it should be reduced to a further state of division by 
sifting through very fine muslin. A platinum crucible may 
be employed for the fusion with bisulphate of potash. From 
the solution of the fused salt in water, alumina may be pre- 
cipitated by ammonia ; but as a subsulpliate of alumina is 
precipitated, instead of pure alumina, the precipitate should 
be separated by filtration, dissolved in hydrochloric acid, and 
again precipitated by ammonia. It is then pure alumina, 
which may be waslicd, ignited, and weighed. 


SECTION VI. 


Potash and ammonia are both crrqdoyed to precipitate 
yttria from its solutions, in the (juantitativc determination of 
that earth. Hydrate of yttria falls, which may be collected 
on a filter, washed, ignited, and weighed as pure yttria. 
Except when yttria is in the state of chloride, potash is a 
better precipitant to employ than ammonia, as the latter alkali 
precipitates subsalts of yttria from the sulphate and nitrate. 

The insolubility of yttria in potash affords the means of 
separating it from alumina^ and its being prccipatcd by 
ammonia, although in the presence of an ammoiiiacal salt, 
fronj magnesia^ lime^ barytes ^ strontian and the alkalies. 


* The minerals in which alumina acts the part of an acid are called 
aluminates. 
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SECTION VII. 

THORINUM. 

Tliorina is separated from most other bodies by precipi- 
tation as double sulphate of thorina and potash. A boiling 
saturated solution of sulphate of potash is added to the 
solution containing thorina, the mixture is allowed to cool, 
and the precipitate is filtered and washed with a cold satu- 
rated solution of sulphate of potash, in which the double salt 
is quite insoluble. After washing with solution of sulphate 
of potash, boiling water is poured on the filter, to dissolve 
the salt, the thorina of which is then 2 )recipitated by pure 
potash. 

Thorina is separated from alumina by its insolubility in 
potash ; and from magnesia and lime by being j^recipitated 
by ammonia in the 2)resence of an ammoniacal salt. It is 
sef)arated from alkalies by ammonia, which completely pre- 
cipitates tliorina. 


SECTION VIII. 

GLUCINUM. 

Ammonia is the reagent employed to precipitate glucina 
from its solutions when unaccompanied by other matters 
which are precipitated by ammonia. A voluminous pre- 
cipitate of glucina falls, which contracts considerably on 
drying. 

Glucina is separated from thorina and yttria by its solu- 
bility in potash, and from alumina by its solubility in car- 
bonate of ammonia. To separate glucina from alumina, add a 
large excess of a saturated solution of carbonate of ammonia 
to the mixed solutions of the two earths, and allow the whole 
to stand for Some time, with occasional agitation. When the 
precipitate of alumina no longer appears to decrease in bulk. 
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collect it on a filter, wash, ignite, and weigh it, and evapora^^ 
the filtered solution to dryness. As the carbonate of ammonia 
volatilizes, the glucina is deposited: when the dry mass is 
heated to redness, to expel ammoniacal salts, it leaves pure 
glucina, the weight of which may then be ascertained. 

A process has been recommended for the separation of 
alumina and glucina, which is said to be preferable to the 
preceding. Both glucina and alumina are soluble in a con- 
centrated solution of potash ; but if the alkaline solution is 
diluted considerably with water, and boiled, all the glucina is 
precipitated, while the alumina still remains in solution. The 
process is the following. Both earths arc dissolved, with the 
assistance of heat, in a concentrated solution of potash ; the 
solution is cooled and diluted with water. The precipitate 
which falls (glucina) is filtered and washed, and the filtered 
solution is boiled to precipitate the remaining glucina. The 
alumina which remains dissolved may be estimated in the 
usual manner, (page 322.) 

Berzelius* supposes it probable that glucina precipitated 
l)y ebullition from a dilute solution of potash, contains potash 
in chemical combination, for it is insoluble in cold alkaline 
ley after this operation ; but by washing, all the potash it 
may contain is removed, and it again becomes soluble in the 
cold ley. 

Glucina may be se})arated from magnesia by a process 
similar to that described for the separation of alumina from 
magnesia. The only difference is, that while caustic ammo- 
nia or carbonate of ammonia may be used indiscriminately 
to precipitate alumina, caustic ammonia only should be em- 
ployed for glucina. 

Glucina is separated from lirne^ strontian, harytes^ and the 
fixed alkalies^ by methods the same as those by which alumina 
is seps^rated from the same bodies. 


* Rapport Annuel, 1841, 2® Annee, p. 79. (Paris edition.) 
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SECTION IX. 

ZIRCONIU3I. 

Zirconia is best precipitated from its solutions by potash. 
Ammonia may also be employed ; but this alkali sometime^ 
precipitates subsalts instead of pure zirconia. The preci- 
pitate is washed^ dried, ignited with care, and weighed. Zir- 
conia may be precipitated by sulphate of potash in the same 
manner as thorina. For that purpose, it is best to add sul- 
phate of potash in crystals to the solution containing zirconia. 
The precipitate which falls is a double sulphate of zirconia 
and potash. If all excess of acid present in the solution is 
neutralized with potash, zirconia may be completely precipi- 
tated by sulphate of potash. As the precipitate is partly 
soluble in pure water, it should be washed with water ren- 
dered alkaline by the addition of a little caustic ammonia. 
On boiling the double sulphate of zirconia and })otash with a 
solution of pure potash, hydrate of zirconia remains, which 
may be washed, ignited, and weighed. 
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CHAPTER III. 

METALS PROPER, NOT PRECIPITATED BY SULPHURETTED 
HYDROGEN FROM THEIR ACID SOLUTIONS. 

SECTION I. 


Potash or soda Is the best precipitant for the oxides of 
cerium, ammonia having a tendency to throw down subsalts 
instead of the pure oxides. If the solution previously con- 
tained protoxide of cerium, the precipitate of protoxide pro- 
duced by potash becomes converted by calcination into the 
peroxide, from the weight of which the amount of protoxide 
originally present must be calculated. 

Tlic oxides of cerium arc separated (though not completely) 
from (jhudna and alumina by the insolubility of the former in 
caustic potash ; and from magnesia and lime by ammonia. 

Valerianic acid has been recommended as a means of sepa- 
rating peroxide of cerium from the peroxide of the metal 
didymium, recently discovered by M. Mosander. When vale- 
rianic acid is added to a neutral and concentrated solution of 
the peroxides of cerium and didymium, valerianate of the 
peroxide of cerium Is precipitated, while the didymium re- 
mains in solution. The precipitated valerianate is slightly 
washed, dried, and calcined : by calcination with access of air, 
it is converted into the peroxide of cerium. (M. Buonaparte.) 


SECTION II. 

MANOANKSK. 

Carbonate of potash is the reagent usually employed to 
precipitate protoxide of manganese from its solutions. The 
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solution should be boiling at the time of the precipitation. 
Carbonate of protoxide of manganese falls, which may be 
collected on a filter. When the solution filtered from the 
precipitated carbonate is evaporated until the residue is dry, 
a little more carbonate generally remains undissolved when 
the dry residue is treated with hot water ; this portion is to 
be added to that already on the filter. 

As carbonate of manganese is slightly soluble in ammoni*- 
acal salts, the whole oxide of manganese is not precipitated, 
if these arc present in the solution, until a sufficient quantity 
of carbonate of potash has been added to decompose all ain- 
moniacal salts. To effect their complete decomposition, the 
liquid should be mixed with carbonate of potash and evapo- 
rated nearly to dryness, fresh additions of the alkaline carbo- 
nate being made so long as any odour of ammonia is perceived. 
By this means ammoniacal salts may be completely cxjxjlled 
from the solution. 

After washing and drying, the carbonate of manganese is 
heated to redness in an open platinum crucible : it then parts 
with carbonic acid, and requires oxygen from tlie air, being 
converted into the red oxide of manganese (manganoso- 
manganic oxide, MnO + Mn^ O3), from the weight of which 
that of protoxide or deutoxide, originally present in the sub- 
stance under examination, may be calculated. 

As the red oxide of manganese absorbs a little more oxygen 
while being cooled, M. Ebelmen recommends the reduction of 
the red oxide by means of hydrogen gas, with the assistance 
of a red heat, to the state of protoxide, in which form the 
manganese is weighed. For this and several other operations, 
he uses, in the place of the glass bulbed tube (c d c, fig. 20., 
page 345.), a small platinum crucible ; through the lid of which 
passes a platinum tube large enough to admit a small glass 
tube, by which the hydrogen gas is conveyed to the crucible. 

Separation of protoxide of manganese from alumina , — 
1. Protoxide of manganese may be separated from alumina 
by boiling the solution which contains these sufectances with 
an excess of caustic potash : of the mixture of oxide of man- 
ganese and alumina at first precipitated, the latter alone dis- 
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solves in the excess of alkali. The alumina in solution may 
then be estimated in the usual manner (page 322.); and the 
oxide of manganese, insoluble in caustic potash, may be dis- 
solved in hydrochloric acid, and precipitated as carbonate, by 
carbonate of potash. 

2. Protoxide of manganese and alumina may also be sepa- 
rated by ammonia, muriate of ammonia having been first 
'^^dcd to the solution, to prevent the precipitation of prot- 
oxide of manganese. 

Separation of protoxide of manganese from magnesia and 
lime , — When the amount of manganese present is relatively 
small, the following process is recommended. A sufficient 
quantity of muriate of ammonia is first added to the solution 
(unless it contains a large excess of acid) to prevent preci- 
cipitation by ammonia, which is next added, and then an 
excess of hydrosulphatc of ammonia to precipitate sulphuret 
of manganese. The precipitated sulphuret is collected on a 
filter, washed with water containing a little hydrosulphate of 
ammonia, and dissolved in pure hydrochloric acid : sul- 
phuretted hydrogen is thus developed, to expel which, the 
solution is heated until it becomes inodorous. The solution 
is now filtered, and the manganese precipitated by carbonate 
of potash. The solution filtered from the sulphuret of man- 
ganese, containing lime and magnesia, is slightly acidified by 
hydrochloric acid, boiled to expel sulphuretted hydrogen, 
and filtered. The filtered solution is then supersaturated 
with ammonia : lime is precipitated as oxalate, by oxalate 
of ammonia or oxalic acid, and afterwards magnesia, as the 
ammonio-phosphate. 

When protoxide of manganese constitutes the chief in- 
gredient, the following process is preferable. Carbonates 
of manganese and of the two earths arc precipitated by a 
fixed .alkaline carbonate, the solution being boiling at the 
time of precipitation. The precipitate is ignited at a dull 
red heat, to convert the carbonate of manganese into the 
manganos^manganic oxide, and is then treated with very 
dil ute nitne acid. This acid slowly dissolves the lime and 
magnesia with effervescence, leaving the oxide 9 f manganese 
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Unacted on, which may be collected on a filter, washed, again 
ignited, and weighed. Any trace likewise of manganese 
dissolved by the nitric acid can be precipitated by hydrosul- 
phate of ammonia, after neutralizing the acid by caustic 
ammonia. The lime and magnesia may be separated from 
each other by a process already desci-ibed. 

VALUATION OF FEROXIDE OF MANGANESE. 

A simple and expeditious process for the determination of 
the commercial value of the higher oxides of manganese, is 
of some importance, from the extensive applications of these 
oxides in the arts. Of several processes which liave been 
devised for this purpose, the following is, I believe, the most 
convenient. It is founded on the circumstance, that the 
value of these oxides is exactly proportional to the c^uantity of 
free clilorine which they produce when dissolved in liydro- 
chloric acid, and the chlorine can be estimated by the quantity 
of protosulphate of iron which it oxidizes. 

Twenty -five grains of the jiowdcred oxide of manganese 
to be examined are weighed out, and also 1.08*5 grains of 
crystallized sulphate of iron (cojiperas).* The oxide of 
manganese is placed in a bason with half an ounce of water 
and a very small quantity of hydrochloric acid ; a little coj)- 
peras is then introduced, and a gentle heat applied to the 
bason. More hydrochloric acid and copperas are added from 
time to time, the former to dissolve the oxide of manganese, 
and the latter to absorb the chlorine as it is evolved. Imme- 
diately a drop of the liquid ceases to afibrd a blue precipitate 
with the red prussiate of potash f, a little more copperas is 
introduced ; and this is continued till the liquid, after ebul- 

♦ Clean crystals of the salt, bruised in a mortar, and dried by strong pressure 
between folds of cloth ; or, what is better, the small crystals deposited from a 
tolerably strong solution of copperas, which has been filtered and allowed to 
stand without having free access to the air ; the supernatant liquid haviag been 
drained off, the crystals may be dried in the air upon blotting-paper. 

I The red prussiate of potash gives a blue precipitate (prussian blue) with 
the protoxide of iron only, and not with the peroxide ; hence the production of 
a blue precipitate is an indication that a sufficient quantity of copperas has been 
applied. In applying the red prussiate as a test, it is convenient fc have a white 
plate s}>otted over with small drops of its solution, very dilute, which arc 
touched with a drop of the liquid to be tested, taken out on the point of a 
glass rod. ‘ 
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lition for five minutes, and addition of an ounce measure or 
more of hydrochloric acid, gives a faint but permanent blue 
precipitate with the red prusslate of potash. The sulphate 
of iron is then present in slight excess. By weighing what 
remains of the sulphate of iron, the quantity added is ascer- 
tained; say m grains. If the whole manganese were per- 
oxide, it would require 158*5 grains of sulj)hate of iron, and 
^at fpiantity would, therefore, indicate 100 per cent, of 
peroxide in the spechiien ; but if a portion of the manganese 
only is peroxide, it will consume a proportionally smaller 
quantity of the sulphate, which quantity will give the pro- 
portion of the peroxide, by the proportion, as 158*5 : 100:: 
m : per-centage required. The per-centage of peroxide of 
manganese is thus obtained by multiplying the number of 
grains of sulphate of iron peroxidized by 0*6309. 

The following modification of the preceding process is 
somewhat easier and quicker of execution than the above, 
and may give results of more certainty, not being subject 
1o the slightest loss of chlorine, which often occurs with 
incxi)erlenccd hands in the other process. 1. Twenty-five 
grains of the sample of oxide of manganese, finely powdered, 
are introduced into a small flask, and mixed at once with the 
quantity of crystallized protosulj)hate of iron which is equi- 
valent to 25 grains of pure peroxide of manganese, that is, 
with 158*5 grains; an ounce measure of strong muriatic 
acid is then added, and the mixture is quickly raised to the 
boiling point. The flask should be closed with a cork having 
a small slit in the side to allow the escape of vapour. If the 
sample is pure peroxide, the whole of the 158*5 grains of 
protosulphate of iron will be peroxidized ; but if not, the 
quantity of the protosulphate which remains unaltered is 
proportional to the amount of impurity present in the sample. 
2. To ascertain the quantity of protosulphate in excess, 
the hot acid solution, when all the manganese is dissolved, is 
mixed with a solution in water of known strength of bichro- 
mate of p^ash (purified by two or three successive crystal- 
Jizations)f added by small portions at a time until the mixture 
no longer gives a blue precipitate with a sqlution of red 
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pcussiate of potash^ but a dark green colour, which is an 
indication that the bichromate has peroxidized the remaining 
protosulphatc of iron ; and the quantity of the bichromate 
necessary for this purpose is proportional the excess of proto- 
sulphate which is required. 

The solution of bichromate of potash employed in this 
experiment may be made very weak, and be poured from a 
common alkalimetcr, graduated into 100 equal parts (as figured 
at p. 306.) ; or else a much stronger solution may be made 
use of, and the quantity applied be noted by weight, instead 
of by measure. For use with the common alkalimeter, the 
solution of the bichromate (if pure) may contain 28*94 grains 
in 100 measures of the alkalimetcr. That quantity peroxidizes 
158*5 grains of crystallized protosulphatc of iron ; therefore 
each measure of the alkalimeter required for the peroxidation 
of the excess of protosulphatc indicates one per cent, of im- 
purity in the sample. Before adding the solution of the 
bichromate, it is convenient to transfer the boiling manganese 
solution from the flask in which it was made to a bason, the 
flask being washed out with a little hot water, and the wash- 
ings added to the solution of manganese. The liquid should 
be kept at a moderate heat while being mixed with the 
bichromate. 

This operation should be performed as rapidly as possible, 
to prevent the peroxidation, by the air, of any appreciable 
quantity of the protoxide of iron. For the same reason also, 
the little flask in which the manganese is dissolved in hydro- 
chloric acid with copperas, is closed with a cork, a small slit 
being made through which the vapour can escape. 

The substitution of chlorate of potash for the bichromate 
in the preceding operation has been proposed, but I believe 
the bichromate to be the most trustworthy : 1 1 *73 grains of the 
chlorate may be dissolved in 100 alkalimeter measures;' each 
measure of the solution required for the peroxidation of the 
iron then indicates one per cent, of impurity, supposing .25 
grains of manganese and 158*5 of copperas to b^ operated on. 

(See a process for the complete analysis of ores of map- 
ganese in the, Appendix.) 
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SECTION III. 

IRON. 

This metal Is best weighed In the state of peroxide, as 
obtained by precipitation from its solution by ammonia, 
l^iTiasli, or by carbonate of potash or soda. If not already 
existing in solution as peroxide, but as protoxide or black 
oxide, it must be converted into the peroxide by being heated 
with a little nitric acid, until ruddy fumes of nitric oxide 
are no longer evolved, and the black colour sometimes 
acquired by the licjuid on the addition of nitric acid has dis- 
appeared. The amount of metal, protoxide, or black oxide, 
which was formerly contained in the substance analyzed, is 
calculated in sucdi a case from the quantity of peroxide 
obtained. Caustic ammonia is the best precipitant to employ, 
as the peroxide of iron precipitated by potash always carries 
down with it some portion of that alkali, which is not 
removed by washing without great difficulty ; and the fixed 
alkaline carbonates retain a little peroxides in solution at 
common temperatures. A strong solution of carbonate of 
ammonia is capable of retaining in solution a large quantity 
of peroxide of iron ; but if the liquid is greatly diluted, the 
whole of the peroxide of iron is precipitated. As much of 
the prcci]Htated peroxide as possible is transferred, w^hen 
washed and dried, to a crucible for ignition, the filter with 
the remaining peroxide being carefully burned outside the 
crucible (as described at page 12.), to prevent the reduction 
of any portions of oxide to the state of protoxide or black 
oxide by the carbonaceous matter of the filter. 

Iron may be separated from several other bodies by pre- 
cipitation as sulpliuret, by hydrosulphate of ammonia. If the 
solution contains any free acid, it must first be neutralized by 
ammonia, which alkali may be added in slight excess, as the 
precipitation gf a small quantity of peroxide of iron does not 
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washed with water containing a little hydrosulphate of am- 
monia, and dissolved in pure hydrochloric acid. The solution 
thus obtained is healed to cxj)el sulphuretted hydrogen, a 
little nitric acid is added to peroxidize the iron, the solution 
is filtered if necessary, and the j)croxidc of iron is precipitated 
by ammonia. 

Separation of peroxide of iron from protoxide of manganese, 
— 1. In the process generally preferred for the accurate 
estimation of these oxides, when contained together in a 
solution, their separation is effected by means of a neutral 
succinate or benzoate of an alkali, which precipitates per- 
oxide of iron as succinate or benzoate, in a neutral solution, 
but not protoxide of manganese. If any iron exists in solu- 
tion as protoxide, it must first be converted into peroxide by 
gently heating the solution Avith a little nitric acid or aqua 
regia. 

If the solution is acid, it must be rendered neutral by 
ammonia, muriate of ammonia being j)i*eviously added to 
prevent the precipitation of protoxide of manganese. A very 
slight excess of ammonia may be added, so that a trace of 
peroxide of iron remains undissolved when the solution is 
gently heated. Solution of crystallized succinate of soda, 
of neutral succinate of ammonia, or of benzoate of ammonia, 
may be used as the precipitant. A very bulky precipitate 
of benzoate or succinate of peroxide of iron falls, which, 
Tifter being filtered and washed, is decomposed by pouring 
caustic ammonia on it, while still on the filter. By this, a 
large portion of the benzoic or succinic acid is removed, in 
the state of a soluble benzoate or succinate of ammonia, per- 
oxide of iron, or rather a subsalt of that oxide, remaining on 
the filter, which last is dried, ignited with exposure to air, 
and weighed as peroxide. The object in removing the 
organic acid by ammonia is to avoid the reduction of the 
oxide during ignition. From the solution filtered from the 
precipitated succinate or benzoate, protoxide of manganese 
may be precipitated by carbonate of soda. 

2. Peroxide of iron and protoxide of man gane8v». |nay also 
be separated by boiling the solution of the two oxides 
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(cMorides) in liydrochloric acid with carbonate of barytcfs 
or carbonate of lime. The perchloride of iron in solution is 
decomposed by the earthy carbonate, with precipitation of 
peroxide of iron, and the formation of a corresponding cpian- 
tity of chloride of barium or chloride of calcium ; while 
protochloridc of manganese, on the contrary, is not affected 
by the earthy cfirbonate. The latter is added to the solution 
of the two oxides in hydrochloric acid so long as effervescence 
of carbonic acid occurs. When a sufficient quantity has 
been added, the mixture is boiled for a short time, and 
filtered. The prcci])itate of peroxide of iron with the excess 
of earthy (carbonate is then dissolved in hydrochloric acid, 
and if carlionate of* rune has been used, ammonia is added to 
reprecipitate jieroxide of iron, avoiding exposure to the air 
as much as possible, to prevent the absorption of carbonic 
acid and formation of carbonate of lime. If carbonate of 
barytes has been used instead of carbonate of lime, barytes 
may first be separated from the solution in hydrochloric 
acid by sulphuric acid, and peroxide of iron afterwards 
from the solution filtered from the sulphate of barytes by 
ammonia. 

The solution filtered from the precipitate of peroxide of 
iron and the excess of* earthy carbonate contains chloride of 
manganese, together with chloride of calcium or chloride of 
barium. If the former, oxide of manganese is separated 
from lime (oxide of calcium) by one of the processes de- 
scribed at page 331. ; if the latter, barytes (oxide of barium) 
may first be separated from the solution as sulphate, by 
adding sulphate of soda, and after filtering the solution, the 
the oxide of manganese may be precipitated as carbonate by 
carbonate of potash. 

A process similar to the above is frequently practised in 
the separation of peroxide of iron from other oxides whose 
solutions in hydrochloric acid arc not decomposed when boiled 
with carbonate of lime or barytes. Two particular precau- 
tions are necessary to be adopted in this process: 1., that 
neit her sul ^^hiirlc. phosphoric, arsenic, nor boracic acid is 
present in the solution ; and, 2., that all the iron ejslsts in the 
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state of peroxide, as salts of the protoxide of iron are not 
decomposed by carbonate of lime. 

Separation o f protoxide of iron from peroxide of iron. — On 
the property j)()S8essed by salts of tlie protoxide of iron to 
resist decomposition by an earthy carbonate, is founded a 
process for the sejjaration of peroxide from protoxide of iron, 
when existing together in solution. When boiled with car- 
bonate of barytes, the salt of the ])eroxide only is decom])osed ; 
the solution filtered from the precipitated peroxide and the ex- 
cess of carbonate of barytes is boiled with a little nitric acid, to 
convert the protoxide of iron into j)eroxide, which last is pre- 
cipitated by ammonia, after the barytes has been separated by 
by sulphuric acid. 

(For another mode of separating protoxide of iron and 
peroxide of iron, sec a note to the description of the mode of 
estimating phosphoric acid in soils.) 

Separation of peroxide of iron from yttria , — Yttria and 
jieroxide of iron may be separated by means of oxalate of 
I)otash, which produces with yttria, in a neutral solution, 
a precipitate consisting of the doul)le oxalate of yttria 
and potash. The whole of the iron should remain in solu- 
tion. The j)recipitate docs not appear immediately, and 
the mixture should be allowed to stand for twenty -four hours 
in a warm place before being filtered. By being heated to 
redness, the double oxalate is converted into a mixture of 
yttria and carbonate of potash. As thus obtained, yttria is 
too finely divided to be collected on a filtc^r after being mixed 
with water, on which account it is necessary to dissolve the 
mixture in hydrochloric acid, to dilute the solution largely 
with water, to precipitate by ammonia, and to wash the j)re- 
cij)itated yttria with boiling water. It may then be ignited 
and weighed. (Dr. Scheerer.) 

The preceding process may also be followed in the. separa- 
tion of peroxide of iron from protoxide of cerium and oxide 
of lantanium. 

Separation of peroxide of iron from alumina. — 1. Peroxide 
of iron may be separated from alumina by adding an^cess 
of caustic potash to the solution. The alumina contained in 



QUANTITATIVE ANALYSIS. 


839 


the precipitate redissolves, and may be separated, after filtra- 
tion, by neutralizing the alkaline solution with hydrochloric 
acid, and precipitating by carbonate of ammonia. 

2. The following process for the separation of peroxide of 
iron and alumina will probably be found more advantageous 
than the preceding in some cases. Sulphite of ammonia is 
added to the solution containing these bodies, or else the 
mixed hydrates in a moist state are digested in an aqueous 
solution of sulphurous acid, and the mixture is boiled until 
sulphurous acid is no longer disengaged, 'i'he reddish-brown 
colour of the liquid disappears, the sulphurous acid reduces 
the peroxide of iron to protoxide of iron, and the whole of the 
alumina is precipitated, while all the iron remains in solution. 
The access of air sliould be avoided as much as possible. 
When the liquid has cooled, and the precipitate subsided, the 
supernatant liquid is decanted to a filter and replaced by hot 
water ; the precipitate is then thrown on a filter and washed. 
If phosphoric acid is present, it is carried down by the 
alumina in this process, but arsenic acid is not. 

Separatum of peroxide of iron from maejnesku — These 
bodies are separated by a process similar to that described for 
the separation of peroxide of iron from protoxide of manga- 
nese by means of a neutral benzoate or succinate of an alkali. 
Instead of neutralizing any excess of acid in the solution 
carefully, as when manganese is present, an excess of am- 
monia. may be added at once, having made a previous addition 
of muriate of ammonia, unless the quantity of free acid is 
considerable. The precipitate, which consists of peroxide of 
iron with merely a trace of magnesia, is filtered, redissolved 
in hydrochloric acid, and the solution thus obtained is ren- 
dered exactly neutral by ammonia. Peroxide of iron is 
then precipitated as succinate or benzoate, and the liquid 
filtered, from this precipitate is added to that filtered from the 
precipitate by ammonia, which contains the greater part of 
the magnesia. From the mixed solutions magnesia may be 
precipitated as the ammonio-phosphate. 

I^ extreme accuracy is not important, the solution may be 
mixed, first with a quantity of muriate of ammonja, and then 

z 2 
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With caustic ammonia, to precipitate the peroxide of iron. 
The magnesia carried down by the peroxide of iron is a mere 
trace, when the solution contains a large quantity of an am- 
nioniacal salt. 

Separation of peroxide of iron from barytes. — The barytes 
is first precipitated as sulphate, by adding a solution of su^ 
phate of soda ; and from the filtered solution peroxide of iron 
is precipitated in the usual manner. 

Separation of peroxide of iron from lime^ strontian, and the 
alkalies. — This is easily effected by caustic ammonia, which 
precipitates peroxide of iron only. In the cases of lime and 
strontian, the free access of the air should be avoided, to 
prevent the precipitation of carbonate of lime or strontian, 
through the absorption of carbonic acid. 

ANALYSIS OF CLAY lUONSTONE. 

The ordinary constituents of this ore are, — carbonic acid, 
silica, protoxide*, and peroxide of iron, alumina, magnesia, 
lime, and protoxide of manganese. Its complete analysis 
may be effected in the following manner: — 

The powdered mineral is dissolved by boiling in aqua 
regia., with effervescence of carbonic acid and separation of 
silica, with perhaps a little alumina, as an insoluble powder. 
These are estimated, if necessary, by processes described under 
t he Analysis of Carbonates and of Silicates. The solution, 
w hich contains all the bases, with the exception of a little 
alumina, is evaporated to dryness ; the residue is redissolved 
in dilute hydrochloric acid, and the solution filtered. Unless 
the solution is very acid, muriate of ammonia is now added, 
and afterwards an excess of caustic ammonia, which precipi- 
tates peroxide of iron and alumina, with small quantities of 
protoxide of manganese and magnesia. From the solution 
filtered from this precipitate, lime is to be precipitated," as 
oxalate, by oxalate of ammonia or oxalic acid. The precipi- 
tate by ammonia being filtered and washed, 5s dissolved in a 
small quantity of hydrochloric acid. This solution, is^^hen 
boiled with ^excess of caustic potash, to redissolve the alumina 
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at first precipitated by potash, and which is estimated by the 
usual method, (page 144.) The portion insoluble in excess 
of* potash is dissolved in pure hydrochloric acid, the solution 
is carefully neutralized wdth ammonia, and peroxide of iron 
prccijfitated as succinate or benzoate, with the precautions 
already described. The filtered liquid, containing small 
quantities of magnesia and protoxide of manganese, is mixed 
with that filtered from the oxalate of lime, and, from the 
mixture, mmtganese is precipitated as sulphuret, by hydro- 
sulphate of ammonia, and magnesia from the filtered solution, 
as arnmonio-phosphate, by phosphate of soda with ammonia, 
(pp. 318. 331.) 

If the amount of iron only is required, the other consti- 
tuents of the ore being neglected, add ammonia in excess to 
the solution in aqua regia ; after washing, boil the precipitate 
in solution of caustic potash to dissolve alumina, redissolve 
the peroxide of iron in hydrochloric acid, and precipitate it 
again by ammonia : dry, ignite, and weigh. 


SECTION IV. 


Nickel is weighed best in the state of oxide. It is com- 
pletely precipitated as oxide by j)otash from a hot solution, 
whether ammoniacal salts arc present or not. The precipi- 
tate, after being washed with hot water, may be ignited and 
weighed. 

Nickel is separated from some substances by precipitation 
as sulphuret, by hydrosulphate of ammonia in a slightly 
aminomacal solution ; but as sulphuret of nickel is slightly 
solfible in that reagent, its complete precipitation is not easily 
eff*cctcd. As small an excess as possible of hydrosulphate of 
ammonia should be employed ; the mixture with that reagent 
shoiJ^d bp diluted and exposed in an open v, ssel to a very 
gentle heat, that the excess of the hydrosulphp-te may be 
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volatilized, or decomposed by the oxygen and carbonic acid 
of the atmosphere. When the liquid loses its brown colour, 
the whole of the sulphuret of nickel is precipitated, and may 
be collected on a filter, and washed with water to which a 
little hydrosulphate of ammonia has been added. The filter 
and sulphuret arc transferred together to a porcelain capsule, 
and digested in nitric acid or aqua regia, until the separated 
sulphur has a pure yellow colour, or is dissolved by the acid ; 
the liquid is then diluted, thrown on a filter, and oxide of 
nickel is precipitated by potash. The digestion of the sul- 
phuret in nitric acid should not be prolonged, as organic 
mjitter from the filter may be dissolved, which will impede 
the subsequent precipitation of oxide of nickel by an alkali. 

Separation of oxide of nickel from peroxide of iron. — These 
oxides may be separated from each other by either of the 
processes described for the separation of peroxide of iron from 
oxide of manganese (page 336.); that is, by means of an alka- 
line benzoate or succinate, which ])recii)itates peroxide of 
iron from a neutral solution, but not oxide of nickel ; or by 
boiling carbonate of barytes in a solution of the chlorides of 
these metals, when peroxide of iron is precipitated, and 
chloride of nickel remains in solution mixed with chloride of 
barium. After having filtered the solution of nickel, pre- 
cipitated the barytes as sul})hate, and again filtered, the nickel 
is precipitated as oxide by potash, then washed, dried, ignited, 
and weighed. 

Separation of nickel from manganese. — 1. These metals 
are commonly separated by a difficult j >roces8, founded on the 
rediicibility of chloride of nickel to the metallic state, when 
heated to redness, by hydrogen gas, while chloride of man- 
ganese resists decomposition under similar circumstances. 
The reduction may be performed in the apparatus of which 
a figure is given at page 345. Chloride of manganese may 
be separated from the resulting metallic nickel by water. ' 

2. M. Ullgren has proposed the following process for 
the separation of manganese from nickel. * To the solution 


Raj^rt Annuel of Berzeliusy 1842, p. 82. 
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containing these metals is added a mixture ol* chloride of 
soda (bleaching liquor) and a caustic alkali, which precipitates 
each of the metals in the form of peroxide, with the exception 
of a small quantity of manganese, which remains in solution 
in th(} form of hypermanganic acid, and which may be pre- 
cipitated with ease as peroxide, by boiling the liquid after 
having added some alcohol or ammonia. The j)eroxides are 
collected into a platinum vessel, and dissolved in a weak so- 
lution of imre hydrofluoric acid. An excess of caustic am- 
monia is then added to the solution, and the mixture heated 
nearly to ebullition, on which the whole of the manganese is 
precipitated as oxide, but the whole of the nickel remains in 
the ammoniacal solution as a fluoride. The oxide of man- 
ganese is then collected on a filter, wliich should be supported 
in a silver funnel, and the filtered liquid should be received in 
a vessel of platinum. The oxide of manganese is ignited and 
weighed as red oxide, and the ammoniacal liquid is evaporated 
and mixed with sulphuric acid, to convert the fluoride of 
nickel into sulphate, from which oxide of nickel is precipitated 
in the usual manner. Manganese and cobalt may be separated 
from each other in precisely the same way. 

Oxide of nickel may be separated from alumina by ap- 
plying an excess of caustic potash, by which the alumina is 
dissolved ; or by means of sulphite of ammonia, in the same 
manner as described at page 330. for the separation of oxide 
of manganese from alumina. 

From magnesia and the alkalies^ oxide of nickel is se- 
parated by hydrosulphate of ammonia, observing the precau- 
tions before mentioned in the precipitation of sulphuret of 
nickel. 


SECTION V. 


COBALT, 


(yobalt IS estimated by precipitating as oxide by caustic 
potash or soda, and weighing either as oxide or in the me- 
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tallic state. The solution containing cobalt should be heated 
during precipitation, or before it is filtered, and the precipi- 
tated oxide washed with hot water and ignited gently. If 
ammoniacal salts are present in the solution, oxide of cobalt 
is not ])rccipitated by potash or soda until the salts of am- 
monia are decomposed by the alkali, and all the ammoijia is 
completely expelled by ebullition. But in such a case, it is 
better to precipitate cobalt as sulphuret by hydrosulphate ‘of 
ammonia. To perform this, a slight excess of ammonia is 
first added to the solution, and then a sufficient quantity of 
hydrosulphate of ammonia to precipitate the cobalt completely. 
The precipitated sulphuret is collected on a filter, and washed 
with water to which a little of the hydrosulphatc has been 
added. When washed, the sulphuret is decomposed by di- 
gestion in nitric acid or aqua regia ; the solution thus obtained 
is diluted, and oxide of cobalt precipitated by potash. 

The ignition of protoxide of cobalt, previous to weighing, 
should be performed at a very gentle heat, as it acquires a 
little oxygen from the air when heated strongly in an open 
vessel, becoming converted into the peroxide. To avoid this 
source of error, the protoxide of cobalt may be collected in 
a weighed filter, placed when washed, together with the filter, 
in a platinum crucible, and heated in a water-bath so long as it 
suffers any loss in weight. (See the description of the method 
of collecting, drying, and weighing a precipitate in a weighed 
filter, page 15.) 

In cases where great accuracy is requisite, instead of 
weighing cobalt in the state of oxide, it should be weighed 
in the metallic state, the metal being obtained by reduction 
of the oxide by heating it strongly in an atmosphere of dry 
hydrogen gas. This reduction is performed in the appa- 
ratus depicted in the annexed figure: a is a bottle in 
which hydrogen gas is generated by the action of dilute 
sulphuric acid on iron or zinc; as the gas issues from rhe 
bottle, it is dried by causing it to pass through the tube hh, 
which contains fragments of dry chloride of c^ilcium. Con- 
nected with this chloride of calcium tube is the tube^cc, 
having a bulb d blown in the middle, into which the oxide 



QUANTITATIVE ANALYSIS. 


345 


of cobalt for reduction is introduced. This tube should J)e 
of hard German glass. 



Having ascertained the weight of the tube cc when empty, 
the whole of the oxide of cobalt may be introduced into 
the bulb. As it is difficult, however, to introduce the oxide 
without loss, it is better to take a part only, and to ascertain 
the proportion which the amount introduced bears to the 
entire amount, by the three following weighings : — 

1. The entire amount of oxide of cobalt after ignition. 

2. The weight of the tube c when empty ; and, 

3. The weight of the tube c when the portion of oxide 

is introduced, from which that of the oxide can be 
estimated, by deducting tlie weight of the empty 
tube. 

It may be calculated by the simple rule of proportion 
what quantity of metal is contained in the whole amount 
of oxide, when it has been determined, by experiment, 
what is contained in the portion operated on. 

The oxide being introduced, and the apparatus arranged as 
in the figure, hydrogen gas may be evolved by pouring con- 
centrated sulphuric acid down the funnel of the bottle a on 
zinc and water already in the bottle. After the apparatus is 
filled with hydrogen, the bulb is heated to redness * by a 
spirit-lamp. The cobalt is presently reduced from the state 
<(f oxide to that of metal, with evolution of heat and light, 
and production of water. When the decomposition is com- 

Oxide of cobalt may be reduced at a temperature much below redness, 
but the metallic cobalt thus obtained acts as a pyrophorus when it comes in con- 
tact with the air. It does not, however, if heated more strongly. 
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plete, and the water is expelled by the application of heat 
along the tube, a current of the gas being still maintained, 
the bulb is allowed to cool, the tube is disconnected from the 
apparatus, gently inclined to allow the hydrogen to escape, 
and then weighed. The weight of the tube when empty be- 
ing known, the increase is the quantity of metallic cobalt, 
from which the corresponding quantity of j)urc protoxide may 
be obtained by calculation. 

Separation of oxide of cohalt from oxide of nickel, — These 
oxides are not separated from each other without some diffi- 
culty. Mr. Phillips has described a process for the purpose, 
founded on the precipitability of oxide of nickel by potash 
from an ammoniacal solution of that oxide, while oxide of 
cobalt remains dissolved. To the solution of these oxides in 
an acid, a sufficient quantity of muriate of ammonia is added 
to prevent precipitation by caustic ammonia, which is then 
ap])lied in excess. The mixture is largely diluted with water 
which has been recently boiled to expel atmospheric air, and 
oxide of nickel is prccijiitated by potash, which alkali is added 
in sufficient quantity to decompose the ammoniacal salt. The 
precipitation should be performed in a vessel which can after- 
wards be closed air-tight. When the oxide of nickel has 
subsided, it may be collected on a filter, crashed with hot 
water, and weighed ; and the oxide of cobalt contained in the 
filtered solution may be precipitated by hydrosulphate of 
ammonia. The necessity of avoiding exposure to the air, 
and of diluting the solution with water deprived of air, arises 
from the property which the ammoniacal solution of oxide of 
cobalt possesses, especially if strong, of absorbing oxygen, the 
protoxide of cobalt being converted into peroxide, which is 
insoluble in ammonia, and is, consequently, precipitated. 

Professor Liebig has recently described a method of sepa- 
rating cobalt and nickel by means of cyanide of potassium. 
When cyanide of potassium is added to a solution of*\'^ 
salt of nickel, a precipitate of cyanide of nickel is formed, 
which redissolvcs on adding an excess of cyanide of potas- 
sium, a double compound of cyanide of nickel and cyanide of 
potassium being formed, which is soluble in water. This 
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double cyanide is decomposed by dilute sulphuric acid, with 
precipitation of cyanide of nickel. 

When cyanide of potassium and an excess of hydrocyanic 
acid are added to any salt of cobalt, and the mixture warmed, 
there is formed the soluble double compound of percyanidc 
of cobalt and cyanide of patassium (cobalti-cyanide of po- 
tassiuni), whose aqueous solution is not at all affected by 
boiling with hydrochloric, sulphuric, or nitric acid (Gmelin), 
unlike the analogous compound of cyanide of nickel and 
cyanide of potassium. 

On adding cyanide of potassium in excess to a solution con- 
taining nickel and cobalt, with a little free acid, and gently 
heating, there are formed the double cyanide of nickel and 
potassium, and the double cyanide of cobalt and potassium. 
If to this mixture dilute sulphuric acid be added in the cold, 
three cases present themselves, according to the relative pro- 
portions which exist of nickel and cobalt. 

(1.) If the cobalt and nickel in solution are in the pro- 
portion of two equivalents of cobalt to three equivalents of 
nickel (quantities which correspond to their atomic pro- 
portions in the cobalti-cyanide of potassium), the precipitate 
produced is cobalti-cyanide of nickel, and is of a bluish-white 
colour. 

(2.) If the solution contains less nickel than corre- 
sponds to the above jjroportions ” (as would usually be the case 
in the analysis of an ore of cobalt), " there remains in solution 
a certain quantity of cobalti-cyanide of potassium, and the 
precipitate is still cobalti-cyanide of nickel. 

(3.) If there is more nickel present in the solution” (as 
in the analysis of an ore of nickel), the precipitate is a mix- 
ture of cyanide of nickel and cobalti-cyanide of nickel.”* 

In the first and second cases, the precipitate produced by 
di\u^ sulphuric acid is boiled with the acid fluid until not a 
Avace of hydrocyanic acid is observed to escape (or it may 
be, evaporated nearly to dryness in a water-bath), and then 
slightly warmed with an excess of carbonate of potash or 


* Philuuophical Magazim^ third series, vol. xx. p. 269. 
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caAstic potash ; the cobalti-cyanide of nickel is thereby de- 
composed into pure oxide of nickel, or the carbonate, on the 
one hand, which is collected on a filter, washed, dried, and 
weighed; and an alkaline liquid, on the other hand, which 
contains the whole of the cobalt. The latter is evaporated 
to dryness, soinc nitrate of potash being added to it, and the 
residue ignited. On being afterwards treated with water, the 
oxide of cobalt remains behind, which may be weighed in the 
usual manner. 

In the third case, which is that of the analysis of nickel 
ores, having the quantity of cobalt relatively small, it is 
necessary to add a considerable excess of muriatic acid to 
precipitate the cyanides dissolved in the cyanide of potas- 
sium, and to keep the mixture boiling at least one hour. 
The precipitate, as first produced, is a mixture of cyanide 
of nickel and cobalti-cyanide of nickel, but by boiling in 
hydrochloric acid, the cyanide of nickel is decomposed into 
chloride of nickel and hydrocyanic acid, tlie latter being ex- 
pelled by the ebullition. The cobalti-cyanide of nickel is not 
affected by the acid. After the acid liquid has been boiled 
a considerable time, potash is added to the solution, as in the 
other cases. Chloride of nickel is then decomposed with pre- 
cipitation of oxide, which falls completely if all the hydro- 
cyanic acid has been expelled by ebullition previous to the 
addition of the alkali, but not otherwise, as cyanide of potas- 
sium would be formed, which is capable of retaining nickel 
in solution. The cobalti-cyanide of nickel, insoluble in 
hydrochloric acid, is also decomposed by the potash, with 
formation of oxide of nickel and an alkaline solution of cobalt. 
The oxide of nickel is collected on a filter, washed, dried, and 
weighed ; and oxide of cobalt is obtained from the alkaline 
solution, in the manner above described. 

Peroxide of iron may be separated from oxide of cobalt 
by processes similar to those by which the same oxide i^ 
separated from oxide of nickel. The best method is by 
boiling carbonate of barytes in the solution of the two oxides 
in hydrochloric acid, when peroxide of iron is precipitated 
through decomposition of the perchloride of iron, while the 
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chloride of cobalt is not affected by the earthy carbonate. 
The peroxide of iron may be dissolved out from the excess 
of carbonate of barytes by sulphuric acid, and again precipi- 
tated by ammonia. From the solution filtered from the 
peroxide of iron and excess of carbonate of barytes, oxide of 
cobalt may be precipitated as sulphuret by hydrosulphatc of 
ammojaia. 

Oxide of cobalt is separated from alumina by potash, or by 
sulphite of ammonia, in the same way as oxide of manganese 
is separated from alumina, and from magnesia^ limv^ and the 
alJwlies by liydrosul])liate of ammonia. 


SECTION VI. 

ZINC. 

Carbonate of potash and hydrosulphate of ammonia arc 
the reagents generally employed to prcciintate zinc from its 
solutions, for the purpose of weighing; the zinc, in both 
cases, being afterwards weighed in the state of oxide. When 
carbonate of potash is used, a sufficient quantity should be 
added to decompose all ammoniacal salts which may be 
present, as these prevent the precipitation of subcarbonate 
of zinc. The mixture should be evaporated to dryness, the 
residue treated with hot water, boiled and filtered. If no 
ammoniacal salts arc piescnt, the solution may simply be 
boiled with carbonate of potash and filtered. On ignition, 
the subcarbonate of zinc loses carbonate acid, and becomes 
converted into the oxide. 

I^the zinc is contained in solution as nitrate, unaccompa- 
nied by other fixed bases, the most convenient method for its 
estimation is by evaporating the solution to dryness, and cal- 
cining the residuary nitrate of zinc in a platinum crucible at 
a red heat; The whole of the nitric acid is disengaged, and 
pure oxide of zinc remains in a fit state to be weighed. 
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In the form of sulphuret, zinc may be separated from 
many other bodies by means of hydrosulphate of ammonia, in 
a neutral or ammoniacal solution. If the solution to be pre- 
cipitated is acid, caustic ammonia should be added in suffi- 
cient quantity to rcdlssolve the precipitate of oxide at first 
occasioned by tlie alkali. Wlien hydrosulphate of ammonia 
hss been applied, the suliihuret of zinc which is foi:^ned is 
allowed to subside before filtration, as it would pass through 
the pores of the paper if tlie solution were filtered imme- 
diately on being precipitated. When the sulphuret lias sub- 
sided, it may be transferred to the filter (the supernatant 
liquid being previously decanted), and washed with water 
to whicli a little hydrosulphate of ammonia has been added. 
When washed, it is dissolved in hydrochloric acid without 
removal from the filter, the solution is boiled to expel sul- 
phuretted hydrogen, filtered, and precipitated by carl)onatc 
of potash. 

A precaution which should never be neglected in esti- 
mating zinc when precipitated as siibcarbonate, is to examine 
whether the liquid filtered from the precipitate contains 
any more zinc in solution. This is best ascertained by 
hydrosulphate of ammonia; and the precipitated sulj)lmret, 
if any is formed, is converted into subcarbonate, and added 
to the quantity previously obtained. 

Separation of oxide of zinc from oxides of cohalt and 
nichcl , — When the quantity of material operated on is very 
small (a few grains only), the oxides of cobalt, nickel, and 
manganese may be separated from ox5d(‘ of zinc by means of 
caustic potash. On adding this alkali in excess to a solution 
of the oxides mentioned in hydrochloric acid, free from 
ammoniacal salts, oxide of zinc alone is redissolved by the 
excess, and it may be obtained from the alkaline liquid by 
neutralizing the latter with an acid, and precij)itatii)g by 
carbonate of potash. Although this method may be prac- 
tised when the weight of the material does not exceed a few 
grains, it is impossible to separate the oxide of zinc from 
the other oxides completely by any excess of potash. When 
a large amount of the oxides is operated on, another method 
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is therefore had recourse to. In that generally followed, 
the chlorides of the metals are formed, and chloride of zinci, 
which is comparatively volatile, is separated from the other 
chlorides by distillation. 

The first part of the ])rocess consists in ascertaining the 
united weights of the oxides by precipitation from their solu- 
tion by. carbonate of potasli, and conversion into oxides by 
ignition. This being done, the whole or a known proportion 
of the oxides is then introduced into a bulb blown on a tube of 
hard German glass, d of the annexed figure, and weighed 



with tlie tube. The apparatus being arranged as shoAvn in 
the figure, the mixed oxides are exposed to the action of a 
stream of dry hydrochloric acid gas, at the highest tem- 
perature procurable by the Hose spirit lamp. The hydro- 
chloric acid is evolved in the retort a, from a mixture of 
chloride of sodium and sulphuric acid ; the gas is })asscd first 
into the bottle b, which contains a little concentrated sulphuric 
acid, next through the chloride of calcium tube c, and then 
over the oxides in the bulb. By being heated in hydrochloric 
acid gas, the oxides become converted into chlorides, and the 
volatile chloride of zinc distils. The exit limb of the bulb 
tube is bent at right angles about its middle, to enable it to 
dip into the receiver, which contains water rendered slightly 
alkaline by ammonia, the surfiice of the liquid being im- 
mecjiatcly below the extremity of the tube. When no more 
chloride of zinc distils, the transmission of hydrochloric acid 
may be discontinued, the whole of the chloride of zinc which 
has condensed* in the tube near the bulb being previously 
driven farther on by the application of heat. The part of 
the tube which contains this portion of chloride of zinc is 
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divided from the bulb by means of a triangular file, and the 
chloride is washed into the receiver, the solution in which 
should now contain all the zinc. From this solution, zinc 
may be precli)itated by car])onatc of potash, and weighed as 
oxide, after being ignited. 

The bulb containing the fixed chlorides is weighed, together 
with the divided portion of the tube, made clean and dry. 
The diflercnce between the weight of the tube when empty 
and its present weight is the weight of the fixed chlorides 
in the bulb. After the weighing, the bulb may be washed out 
with water, and the cobalt and nickel estimated by the ordi- 
nary methods. 

Although preferable to the process of separating zinc from 
cobalt and nickel in which potash is used, the preceding 
method still does not afford accurate results. The last por- 
tions of chloride of zlnce which distil over, contain traces of 
chloride of nickiil, and notwithstanding this, the chlorides 
remaining in the bulb are not entirely free from zinc. 

Berzelius has recently made known the following process 
for separating zinc from cobalt and nickel, which he considers 
to be very exact. Having first separated the greater part of 
the oxide of zinc by boiling the mixed oxides in caustic 
potash, the residue is washed, first with cold and afterwards 
with boiling water, to withdraw the last traces of potash. 
Ignited, and weighed. After being weighed, the oxides are 
intimately mixed with finely pulverized sugar, which does not 
leave an incombustible ash on calcination, the mixture is 
introduced into a porcelain cruicible, and the sugar is car- 
bonized by careful heating. The porcelain crucible is covered, 
and placed in caustic magnesia contained in an earthen cruci- 
ble, also covered, and exposed for one hour to the highest tem- 
perature of a wind furnace. By this operation the oxides are 
reduced, zinc is volatilized and completely expelled, and iijckel 
and cobalt remain in the crucible in the state of carburets. 
The residue in the crucible is treated with nitric acid, to 
dissolve nickel and cobalt, and the solution is evaporated to 
dryness in a weighed platinum crucible: on heating the 
residue to redness, metallic oxides remain, from whose weight 
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tliat of the oxide of zinc is calculated, being the loss upon 
the former weight.* 

Another method has been proposed by M. Ullgren. The 
mixed oxides of zinc, cobalt, and nickel are weighed, and 
heated to dull redness in an atmosphere of hydrogen, in the 
apparatus of which a figure is given, i)age 345. The oxides 
of cobalts and nickel are reduced to the metallic state by 
hyclrogeii, with formation of water, but oxide of zinc remains 
unaltered. When no more water is produced, the bulb is 
allowed to cool, the current of hydrogen being still main- 
tained. One of the extremities of the tube c is then sealed 
before the blowpipe, and the tube is filled with a solution of 
carbonate of ammonia : the open end is corked, and the tube 
is kept for twenty-four hours at a temperature near 100° 
Fahr. The oxide of zinc not reduced by the hydrogen dis- 
solves completely in the carbonate of ammonia, from which 
it may be obtained by evaporating carefully to dryness and 
igniting the residue ; the oxide of zinc remaining is then 
weighed. The cobalt and nickel arc dissolved in nitric acid, 
and determined by a process already described, page 346. 

t:^pparation of oxide of zinc from peroxide of iron. — On 
adding an excess of ammonia to the solution containing these 
oxides, the oxide of zinc at first precipitated is redissolved, 
and a residue of peroxide of iron left. When the proportion 
of zinc is small compared with that of iron, this process may 
succeed ; but if the zinc is in considerable quantity, no 
excess of ammonia will separate it completely from the per- 
oxide of iron. In such a case, these oxides arc best separated 
by means of an alkaline benzoate or succinate, (page 339.) 

Separation of oxide of zinc from protoxide of manganese . — 
These oxides may be separated by heating the mixture in 
an atmosphere of chlorine, in the same manner as practised 
for tljn separation of the oxides of cobalt and nickel from 
oxide of zinc. According to M. Otto, the solubility of the 
precipitate ])roduced by yellow prussiate of potash with 
proto-salts of manganese in hydrochloric acid, and the inso- 


* Rapport Annuel of Berzelius. 2® Anncc, p. 81 . Paris edition. 
A A 
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lubility in that liquid of the precipitate which yellow prussiate 
of potash yields with salts of zinc, affords the means of 
effecting the quantitative separation of these oxides, provided 
no muriate of ammonia is present in the solution, in which 
case the precipitate with manganese is as insoluble as that 
with zinc. When muriate of ammonia is present, the follow- 
ing method may be practised. The solution containing the 
mixed oxides is supersaturated with ammonia, and then sub- 
jected to the action of sulphuretted hydrogen ; sulphuret of 
of zinc is first precipitated, and afterwards sulphuret of man- 
ganese. When a considerable quantity of sulphuretted 
hydrogen has been applied, the mixture is supersaturated 
with acetic acid, which dissolves the sulphuret of manganese, 
but not the sulphuret of zinc. Both metals are weighed in 
the state of oxides. 

Oxide of zinc may be separated from lime by means of 
oxalate of ammonia in a strongly ammoniacal solution, and 
from magnesia and ikiQjixed alkalies by hydrosulphate of am- 
monia. (page 350.) 


SECTION VII. 

URANIUM. 

Both the peroxide and protoxide of uranium are precipi- 
tated from their solutions by ammonia ; but as the peroxide 
is precipitated more completely than the protoxide, it is con- 
venient, when the latter is to be estimated, to convert it into 
peroxide (uranic acid) by heating with a little nitric acid, 
before precipitation by ammonia. If the precipitated per- 
oxide, when collected on a filter, is washed with pure water, 
it passes through the pores of the paper, making the Altered 
liquid milky : this inconvenience may be avoided, to a great 
extent, by employing a dilute solution of muriate of ammonia 
instead of water, in the washing. The precipitate, besides 
peroxide of uranium, contains ammonia and water, both of 
which, together with oxygen, it loses on calcination, being 
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converted into the protoxide of uranium, from the weight 
of which, that of the peroxide, if the latter was originally 
present, may be calculated. 

If the solution, besides peroxide of uranium, contains a 
considerable quantity of an earth, the latter is also precipi- 
tated by ammonia, in a state of combination with the peroxide, 
although ^e earth is one which is not precipitated by am- 
monia under ordinary circumstances, as lime, magnesia, and 
barytes. In such a case, when the precipitate is washed, it 
should be dissolved in hydrochloric acid, and the peroxide re- 
precipitated by ammonia ; the precipitate which then falls is 
free from the earth, and may be washed with a solution of 
muriate of ammonia, dried, and calcined. By calcination it 
becomes the protoxide of uranium, which may be weighed. 

Separation of uranium from manganese^ nickel, cohalt, and 
zinc , — According to M. Ebelmen, uranium, in the state of 
peroxide, may easily be separated from the oxides of man- 
ganese, nickel, cobalt, and zinc, by means of a solution of 
bicarbonate of potash or soda, in which peroxide of uranium 
is soluble, with the formation of a double uranate and car- 
bonate of potash or soda ; but the other oxides mentioned 
are insoluble in the solution of the alkaline bicarbonate. 
Caustic potash is added to the solution containing the mixed 
oxides, and the precipitate produced thereby, after being 
washed, is digested in a solution of bicarbonate of potash * ; 
or else, the solution is mixed with a slight excess of car- 
bonate of potash (part of which becomes the bicarbonate and 
dissolves the peroxide of uranium), and the precipitate is col- 
lected on a filter, and washed so long as the liquid which 
passes through is yellow. To separate the peroxide of 
uranium from either of these solutions, the liquid is saturated 
with hydrochloric acid, boiled to expel all carbonic acid, and 
mixe^.with ammonia to cause the precipitation of peroxide of 
uranium. The peroxide carries down a small quantity of 
potash, which is separated by collecting the precipitate, re- 


* The presente of phosphoric and arsenic acids does not interfere with this 
mode of estimating oxide of uranium, but a larger quantity of the caustic and 
carbonated alkali must then be applied. 
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dissolving it in hydrochloric acid, and reprecipitating it by 
ammonia. It may then be collected, converted into protoxide 
in the usual manner, and weighed. M. Ebelmen considers it 
advisable to add caustic potash to the solution of tlie peroxide 
in the alkaline bicarbonate ; after a certain time the whole of 
the uranium is precipitated as uranate of potash, which is to 
be washed by affusion and decantation, dissolved m hydro- 
chloric acid, and precipitated by ammonia. 

Separation of uranium from iron , — On adding a large 
excess of carbonate of ammonia to a solution of the peroxides 
of tliesc metals, the peroxide of uranium at first precipitated 
is redissolvcd in the excess, while peroxide of iron remains 
precipitated. If uranium and iron exist in solution as prot- 
oxides, the latter should be converted into peroxides, by 
heating the solution with nitric acid before carbonate of am- 
monia is added. The solution of carbonate of ammonia 
should be considerably diluted before being passed through a 
filter, else some of the peroxide of iron is also dissolved. 


SECTION VIII. 

CHROMIUM. 

Estimation of chromic acid and oxide of chromium. — Chro- 
mic acid may be estimated by precipitation from a neutral 
solution by protonitrate of mercury; chromate of the sub- 
oxide of mercury is precipitated, which may be transferred 
to a filter and washed. When heated to redness, the pre- 
cipitate leaves green oxide of chromium, from the weight of 
which that of the chromic acid may be calculated. Accord- 
ing to Kose, chromic acid may be determined more accu- 
rately by reducing it to the state of oxide or chloride, 
by boiling with hydrochloric acid, by which chlorine is 
liberated. The reduction of chromic acid may be accelerated 
by the cautious addition of alcohol, any excess ot* which 
should afterwards be expelled by evaporation. Oxide of 
chromium is best precipitated by ammonia; the liquid is 
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heated gently, filtered, and the precipitate ignited in .a 
covered platinum crucible. By ignition, oxide of chromium 
is rendei'cd insoluble in acids. 

Separation of oxide of chromium from oxide of iron. Analy- 
sis of chrome-iron. — The mineral being reduced to a fine 
powder, is mixed with about three times its weight of fused 
potash^ \^ith the addition of a small quantity of nitre, and 
the’ mixture is exposed to a dull red heat in a silver cruci- 
ble. In this operation the oxide of cliromium absorbs 
oxygen, and becomes converted into chromic acid, which 
unites with the alkali to form chromate of potash. Tiic 
fused mass is digested in water until every thing soluble in 
that liquid is taken up, the alkaline solution is filtered, neu- 
tralized with acetic acid, and carbonate of ammonia is added 
to j)recipitatc alumina. After the alumina has been gently 
ignited and weighed, it should be dissolved in hydrochloric 
acid to separate a little adhering silica, which remains undis- 
solved, and may be collected on a filter, ignited, and weighed. 
The weight of the silica should be deducted from that of the 
alumina and silica previously weighed together. The chromic 
acid existing in the liquid filtered from the precipitate of 
alumina is reduced to the state of oxide of chromium by 
boiling with hydrochloric acid, the oxide is precipitated by 
ammonia, filtered, dried, ignited, and weighed. The portion 
of the fused mass insoluble in water, consisting principally 
of peroxide of iron, is dissolved in hydrochloric acid, the 
solution is neutralized with ammonia, and peroxide of iron 
is precipitated by an alkaline succinate or benzoate in the 
manner described, page 336. If magnesia exists in the ore, 
as sometimes occurs, it is contained in the liquid filtered 
from the succinate or benzoate of iron, from which it may 
be precipitated either as carbonate or ainmonio-phosphatc. 
(page 3 18.) 

The following mode of separating oxide of chromium from 
oxide of iron has been recently proposed by M. Berthier. 
To the solution- containing these oxides, an excess of caustic 
ammonia of carbonate of ammonia is added, and the resulting 
precipitate of the hydrated oxides is digested, while still moist, 

A A 3 



358 


QUANTITATIVE ANALYSIS. 


in a solution of sulphurous acid, which dissolves all the oxide 
of iron and a little of the oxide of chromium, but the greater 
part of the oxide of chromium remains undissolved. The so- 
lution is boiled until it becomes colourless, when it does not 
contain a trace of chromium. To estimate the iron in solu- 
tion, the liquid is boiled with either sulphuric acid or aqua 
regia to dissipate the sulphurous acid, after which thfi. oxide of 
iron is precipitated in the usual manner. Or else, the iron 
may be precipitated by hydrosulphate of ammonia without 
dissipating the sulphurous acid. 

If alumina is present, all the oxide of chromium is thrown 
down completely by merely adding sulphite of ammonia and 
boiling until the liquid is no longer opalescent. For this pur- 
pose, if no alumina, or very little, is present, some alum might 
be expressly added. If after the subsidence of the preci- 
pitate, the liquid retains a green tinge, more sulphite of am- 
monia and alum should be added, and the boiling be continued. 
The precipitate, which consists of alumina and oxide of chro- 
mium is collected, and dissolved in cold caustic potash. On 
boiling the alkaline solution the whole of the oxide of chro- 
mium is reprecipitated, but the whole of the alumina remains 
in solution. 


SECTION IX. 

TITANIUM. 

Estimation of titanic acid, — This acid is best precipitated 
from its solution by ammonia, as small an excess as possible 
of that alkali being employed. It is recommended to expel 
the excess of ammonia, after precipitation, by exposing the 
liquid to a gentle heat in an open vessel. The precipitate 
is then transferred to a filter, dried, and ignited. Titanic 
acid should be weighed soon after ignition, as it rapidly 
absorbs moisture from the atmosphere. 

Separation of titanic acid from iron. — The solution of 
these metals in hydrochloric acid is first neutralized as exactly 
as possible with ammonia ; sulphite of ammonia is then added. 
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and the mixture is boiled until it is no longer opalescent. 
The whole of the titanic acid is thereupon precipitated, but 
the iron remains in solution. 

Titanic acid may be separated from oxides of iron^ cobalt^ 
zinc^ and manganese^ in the following manner. A consider- 
able quantity of tartaric acid is first added to the solution, 
which^isjthen supersaturated with caustic ammonia; if suffi- 
cient tartaric acid has been previously added, no titanic acid 
is precipitated by the ammonia. By adding a slight excess 
of hydrosulphate of ammonia, all the other metals are com- 
pletely precipitated as sulphurets, leaving in solution titanic 
acid, which may be obtained by filtering, evaporating the 
liquid to dryness, and igniting the residue in a platinum 
crucible until all combustible matter is destroyed. The 
residue is pure titanic acid, which may be weighed. From 
lime and the fixed alkalies titanic acid may be separated by 
ammonia. 
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CHAPTER IV. 

METALS PROPER, PRECIPITATED BY SULPHURrETTED 
HYDROGEN FROM THEIR ACID SOLUTIONS. 

SECTION I. 

I.EA1). 

Estimation of lead^ and modes of separating it from other 
metals, — Lead may be completely separated from all the 
metals which have been previously considered, by precipita- 
tion as sulphuret, by sulphuretted hydrogen, from a slightly 
acid solution. If the solution to be precipitated is not already 
acid, it is best rendered so by the addition of a little nitric 
acid, as hydrochloric, which is the acid generally used for 
that purpose with other metals, might cause a jweeipitate of 
chloride of lead, which is not decomposed by sulphuretted 
hydrogen with the same facility as a salt of lead in solution. 
When the proportion of lead is very small, solution of sul- 
phuretted hydrogen in water may be employed ; but in other 
cases it is better to pass the gas through the solution con- 
tained in a bottle having a conical glass stopper. In all 
cases of precipitation by sulphuretted hydrogen, the gas 
must be transmitted, or the solution of the gas in water added, 
until the odour of the reagent becomes very perceptible, and 
contraction no longer occurs from obsorption of the gas above 
the liquid, when the bottle containing it is agitated. Lead 
cannot be weighed in the form of the precipitated sulphiirct, 
as it is almost impossible to obtain the latter without an ad- 
mixture of free sulphur, and it cannot be ignited withouf 
decomposition. To obtain the lead in a fit state to be weighed, 
it is necessary to convert the sulphuret into the sulphate of 
oxide of lead, which is done in the following manner. After 
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being collected on a small filter* and washed, the sulphurct 
is dried and digested, while still in the filter, in a little 
fuming nitric acid, contained in a weighed platinum capsule, 
the acid being added very gradually to avoid loss by pro- 
jection. By this, the sulidiurefc is entirely converted into 
sulphate, if the nitric acid is sufficiently strong ; if such does 
not appear to be the case, from some sulphur having been 
set free without conversion into sulphuric acid, all the nitrate 
of lead then formed niiiy be converted into sulphate by the 
addition of a few drops of sulphuric acid. The excess of 
acid is driven off‘ by evapo’*a^um, and the capsule heated to 
bright redness to detroy the organic matter of the filter. 
In an open capsule the organic matter burns completely, 
without any reduction of the sulphate, which is then in a 
proper state for weighing. From the weight of the sulphate, 
that of metallic lead or oxide of lead originally present may 
be calculated. 

Lead is also jirecipitatcd from its solutions, for estimation, 
as oxalate, by oxalate of ammonia, as sulj)hate by sulphuric 
ac*id, and as subcarbonate by carbonate of ammonia. In 
general, Hose gives the preference to oxalate of ammonia. 
As in the precipitation of oxalate of lime, it is necessary that 
the solution be neutral, or slightly ammoiiiacal. After wash- 
ing and drying the j)recij)itatcd oxalate, it is removed from 
the filter, which is burned separately, to avoid any reduction 
of the oxide by the combiistil)lc matter. The ash of the 
filter is added to the oxalate of lead, Avhich is converted into 
oxide by ignition, and then weighed. 

Sulphuric acid is sometimes used as the precipitant for 
oxide of lead in the quantitative estimation of that oxide; but 
in consequence of the slight solubility of sulphate of lead in 
some saline solutions (sec page 91.), this method of cstimat- 


* It sometimes happens that the sulphuret adheres so strongly to the sides of 
the vessel in which the precipitation was performed, and also to the tube through 
which the gas was passed, that it cannot be removed by washing out with water. 
'When this is the clise, having first washed out all the adhering liquid, the sul- 
})huret of lead may be readily detached by pouring a few drops of fuming nitric 
acid on it. Sulphate of lead is then formed, which may be washed out and 
'dded to the other quantity of sulphate. 
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ing lead is often inaccurate. Whenever it is practised the 
liquid filtered from the sulphate of lead should be tested for 
lead by sulphuretted hydrogen, and the precipitated sulphu- 
ret, if any is formed, be collected and estimated in the usual 
way. 

As caustic potash dissolves oxide of lead, it is sometimes 
used as the means of separating this oxide from those which 
are insoluble in potash : after being filtered, the alkaline so- 
lution, if it contains no sulphuric acid, should be saturated 
with acetic acid, and the lead precipitated by oxalate of am- 
monia. But if any of the lead is present in the form of 
sulphate, which compound is soluble in solution of j)otash, 
the alkaline liquid is evaporated to dryness, the residue treated 
with an excess of moderately strong sulphuric acid, and the 
insoluble sulphate of lead collected on a filter. The filtered 
liquid, diluted with the washings, is treated with sulphuretted 
hydrogen ; and if any sulphurct is precipitated, that is col- 
lected and converted into sulphate as usual ; or the lead may 
be precipitated from the alkaline solution as sulphuret, by 
sulphuretted hydrogen. 

From the facility with which compounds of lead are re- 
duced to the metallic state, and an alloy with platinum formed, 
it is necessary to use porcelain crucibles in the ignition of all 
lead compounds, except the sulphate. 

(For the mode of analyzing sulphuret of lead or common 
lead ore, and sulphate of lead, see the section headed 

Sulphur.”) 

Analysis of chromate of lead, — The chromate being re- 
duced to a fine powder, it is boiled in hydrochloric acid, with 
the addition of a little alcohol, when it becomes converted 
into chloride of chromium, soluble, and chloride of lead, in- 
soluble, in alcohol. The chloride of lead is collected on a 
weighed filter, washed with dilute alcohol, dried and weighed 
with the filter, as described at page 15. The alcohol being 
expelled from the filtered liquid by evaporation, the oxide of 
chromium is precipitated by ammonia. (See p. 356.) 
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SECTION II. 

CADMIUM. 

Cadmium may be separated from all those metals which 
have^been previously considered, with the exception of lead, 
by passing sulphuretted hydrogen gas into the solution pre- 
viously rendered slightly acid. If the solution is neutral, 
hydrochloric acid may be employed to acidify it. The pre- 
cipitated sulphui-et is collected on a filter, washed, and trans- 
ferred, while still moist and in the filter, into a capsule, and 
digested with the assistance of a gentle heat in concentrated 
hydrochloric acid. The sulphuret is thereby decomposed, 
being converted into chloride of cadmium, with evolution of 
sulphuretted hydrogen. When the conversion of sulphuret 
of cadmium into chloride is completed, and the odour of sul- 
phuretted hydrogen no longer perceptible, the solution may 
be filtered, and cadmium precipitated from it as carbonate, 
by carbonate of potash. The carbonate is collected on a 
filter, washed, dried, and heated to redness before being 
weighed. Ignition reduces carbonate of cadmium to the 
state of oxide. The filter must be burned separately, as 
when compounds of lead and some other metals are ignited, 
oxide of cadmium being easily reduced to the metallic state, 
and the metal lost from its volatility. 

The insolubility of oxide of cadmium in caustic potash 
affords the means of separating it from oxide of lead. (See 
p. 362.) 


SECTION III. 

BISMUTH. 

By means mf sulphuretted hydrogen, bismuth may be 
separated from all bodies which are not precipitated by that 
reagent from their solutions in acids. The liquid through 
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which sulphuretted hydrogen is passed should be diluted ; but 
as the dilution of bismuth solutions by pure water causes the 
precipitation of subsalts of bismuth, a quantity of acetic acid 
should be added before dilution. The acetic acid completely 
prevents precipitation when the liquid is diluted. The solu- 
tion may now be saturated with sulphuretted hydrogen, and 
the precipitated sulphurct be filtered, washed, and decomposed 
by digestion in strong nitric acid : the nitrate of bismuth is 
thus formed, and sulphur is set free. When the separated 
sulphur has a pure yellow colour, the sulphurct of bismuth 
is completely decomposed ; the solution is then diluted (a 
sufficient quantity of free acid being present to prevent pre- 
cipitation), filtered, the sulphur is washed with water slightly 
acidified by nitric acid, and oxide of bismuth is precipitated 
from the solution by carbonate of ammonia. Bismuth is 
completely ])recipitated from its solutions by carbonate of 
ammonia after standing for a few hours in an open vessel, 
although on first adding an excess of the carbonate, a con- 
siderable quantity of the precipitate may be redissolved. 
The precipitated subcarbonatc is ignited in a porcelain cru- 
cible, and weighed as oxide. The filter should be burned 
separately to avoid reduction of the oxide. 

When bismuth Is to be separated from substances which 
arc not precipitated by carbonate of ammonia, it is unnees- 
sary to convert that metal into the sulphurct, but it may be 
prerjpitatcd at once by the alkaline carbonate. It is abso- 
lutely necessary, however, that the solution be free from 
hydrochloric acid, otherwise the precipitate of subcarbonate 
will be mixed with an oxichloride of bismuth, which resists 
decomposition by any excess whatever of the alkaline car- 
bonate. In such a case, the sulphurct of bismuth should 
first be precipitated by sulphuretted hydrogen, and that de- 
composed by nitric acid in the manner above described. 

Separation of bismuth from lead. — According to Liebig, 
bismuth may be separated from lead by carbonate of lime, 
which throws down bismuth, but not lead, from a cold solu- 
tion of the nitrates of these metals. They may also be sepa- 
rated by adding to the solution in nitric acid, which must be 
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free from hydrochloric acid, a sufficient excess of caustic 
potash to redlssolve the oxide of lead at first precipitated. 
(Sec p. 362.) Oxide of bismuth remains undissolved. 

Another method of separating bismuth from lead has been 
recently described by M. Ullgren. Carbonate of ammonia 
is added to the solution of the two metals to precipitate the 
subcarbonates, which arc filtered and dissolved in acetic acid. 
A piece of perfectly pure lead is immersed in the solution, 
and the containing vessel is carefully closed and set aside 
for several hours. Metallic bismuth is then precipitated on 
the lead, an equivalent quantity of the latter being dissolved. 
When the precipitation is complete, the plate of lead may be 
separated Irom the bismuth, washed, dried, and weighed. 
The precipitated bismuth is collected on a filter, washed with 
distilled water Avhich has been previously boiled to expel air, 
and dissolved in nitric acid. The solution of nitrate of bis- 
muth is evaporated to dryness and calcined ; pure oxide then 
remains, which may be weighed. To the solution of lead 
filtered from the precipitated bismuth, carbonate of ammonia 
is added, and the precipitate is washed, calcined, and weighed 
as oxide of lead. By the loss in weight sustained by the 
metallic lead employed in the process, it is known how much 
oxide of lead must be deducted from the preceding quantity.^ 


SECTION IV. 

COPPER. 

Copper is precipitated from its solutions, for the purpose 
of estimation, in the state of oxide by caustic potash : the 
liquid should be rather dilute when precipitated, and always 
boiled before filtration. In the cold, potash in excess pro- 
duces with salts of copper a bulky blue precipitate of hydrate 
of. the protoxide, which, on the application of heat, becomes 
dark brown of black, very dense, and anhydrous. The pre- 

• Berzelius, Rapport Annuel, 1841. (2® Annee, p. 83. Paris edition. ) 



366 


QUANTITATIVE ANALYSIS. 


cipitate is washed on a filter with hot water, dried, and ignited 
with the usual precjiutions to prevent reduction by the com- 
bustible matter of the filter. Should a portion of oxide, 
however, be reduced to the metallic state, it is generally re- 
converted into oxide by the current of air produced by the 
combustion of the filter. A portion of the precipitated oxide 
of copper adheres so tenaciously to the bottom of the vessel 
in which it was boiled, as not to be removed to the filter 
without some pains by mechanical means ; this, however, is 
easily effected by dissolving it in a few drops of hydrochloric 
acid, and rcjirecipitating the oxide by potash. 

Copper is also precipitated for estimation in the metallic 
state by means of a piece of polished iron ; but this method 
is not admissible in a delicate analysis. 

As sulphuret, copper may be separated from many other 
metals by passing sulphuretted hydrogen gas through the 
acid solution. The precipitate should be filtered* rapidly, 
and washed with water impregnated with sulphuretted hy- 
drogen ; for when washed with pure water, or water holding 
air in solution, it oxidizes and dissolves to a small extent, and 
therefore passes through the filter. When clean, the sulphuret 
is transferred to a capsule, while still moist and on the filter, 
and digested in nitric acid or aqua regia, until entirely de- 
composed ; the separated sulphur, if any remains undissolvcd 
by the acid, having a pure yellow colour. The solution is 
diluted, filtered, and decomposed by potash. By the pro- 
longed action of nitric acid or aqua regia on the filter, a 
soluble organic compound is produced, whose presence im- 
pedes the precipitation of oxide of copper by potash, some of 
the oxide still remaining in solution after an excess of potasli 
has been added. When this is the case (it is perceived by 
the blue colour of the solution), the portion of oxide must be 
again precipitated by sulphuretted hydrogen (as the action of 
this reagent is not affected by the organic matter), and the 
precipitated sulphuret treated as before. To avoid the incon- 

* The sulphuret which adheres tenaciously to the bottle in which the preci- 
pitation was effected, and to the tube which conducted the gas, may be detached 
by means of nitric acid. (See note, page 361.) 
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venience from the presence of organic matter, the conversipn 
of the sulphuret into nitrate should be effected as expeditiously 
as possible ; or when the greater part of the sulphuret has 
been disengaged from the filter by the acid, the filter may be 
removed into another capsule, and the sulphuret remaining 
attached to it decomposed by a somewhat weaker acid. 

The following ingenious mode of determining the amount 
of copper \jontained in a solution is easy of execution, and 
affords results of considerable accuracy when performed with 
care. It is a modification, by M. Levol, of a process first 
contrived by M. Fuchs. The cupreous solution is mixed 
with a sufficient quantity of caustic ammonia to redissolve 
the whole of the oxide of copper at first precipitated, intro- 
duced into a flask, or, what is more convenient, a large and 
stout test-tube, which is filled with water which has been 
recently boiled to expel the dissolved air. A piece of thin 
and perfectly bright sheet copper, as long and broad as the 
test-tube will admit, is carefully weighed and introduced into 
the ammoniacal solution, and the tube is closed perfectly air- 
tight with a sound cork, well secured.* The tube is then 
placed in a water-bath, and kept hot until the liquid has lost 
its blue colour and become colourless, when the piece of 
sheet copper is quickly removed, washed, dried, and weighed. 
In this operation, one equivalent of the protoxide of copper 
(Cu O), dissolved in the ammoniacal liquid, dissolves one equi- 
valent of copper from the sheet copper, to form the suboxide of 
copper (Cug O), which is dissolved by the ammonia, forming 
a colourless solution. Thus the loss in weight of the piece of 
sheet copper is exactly equal to the weight of the copper in 
solution to be estimated. The atmosphere must be excluded 
during the whole process, otherwise the suboxide in solution 
absorbs oxygen, and becomes protoxide, which of course dis- 
solves more metallic copper. 

Separation of copper from lead. — M. Rose recommends the 
following method for the separation of these metals. Sul- 
phuric acid is added to their solution in nitric acid, and the 

^ * The trouble of corking the tube perfectly air-tight may be avoided by pour- 
ing a little oil of turpentine into the tube, so as to forwi a stratum of about half 
an inch above the ammoniacal liquid. 
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mixture is evaporated to dryness, so that the excess of acid 
may be expelled. On treating the dry mass with water, 
sulphate of lead remains undissolved, which is collected on a 
filter, dried, ignited, and weighed. From the filtered solu- 
tion oxide of copper is precipitated by i)otash. The alkaline 
solution filtered from the oxide of copper contains a trace of 
oxide of lead, dissolved at first by the water as sulphate, and 
retained in solution afterwards by the excess of potash. In 
a delicate analysis, this small portion of oxide is worth sepa- 
rating, which is done by first neutralizing nearly the whole 
excess of alkali by an acid, and then precipitating oxide of 
lead as oxalate, by oxalate of ammonia. 

Separation of copper from zinc : analysis of brass. — Brass 
may be analyzed in the following manner. The alloy is dis- 
solved in a small quantity of nitric acid, the solution is 
diluted and treated with sulphuretted hydrogen to precipitate 
sulphuret of copper, which is converted into oxide in the 
manner described at page 366., and weighed. From the 
liquid filtered from the sulphuret of copi)(ir, oxide of zinc may 
bo precipitated, after boiling, by carbonate of potash. Or, 
the zinc may be better estimated by evaporating the solution 
to dryness, and calcining the residue of nitrate of zinc in a 
platinum crucible, so as to obtain oxide of zinc, which is 
weighed. (Page 349.) 

Separation of copper from iron, manganese, nickel, and zinc. 
— Sulphuretted hydrogen is the reagent usually employed 
for this purpose. When an excess of sulphite of ammonia is 
added to the solution containing these metals, and the mix- 
ture well boiled, the whole of the copper is precipitated as 
the red sulphite, but all the other metals, according to M. 
Berthier, remain in solution. The accuracy of this process, 
however, has been called in question. 

Assay of copper ores in the humid way. — The ore, if a 
carbonate, may be digested in hydrochloric acid, or if a sul- 
phuret, in nitric acid or aqua regia, until the whole of the 
copper present is dissolved; the greater part cf the excess of 
acid is then expelled by evaporation, and an excess of caustic 
ammonia is added to precipitate oxide of iron and dissolve the 
oxide of copper. Tfiq precipitate of oxide of iron sometimes 
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retains a trace of oxide of copper, so minute, however, that it 
may safely be neglected In an ordinary analysis. 

From the ammonlacal solution, the copper may be pre- 
cipitated as oxide by boiling with caustic potash until the 
liquid loses all shade of blue ; or else the quantity of copper 
In the ammonlacal solution may be determined by the amount 
of metallic copper the solution dissolves In forming the sub- 
oxide of copper, as above described. When tlic latter process 
is followed, it is unnecessary to filter the solution of copper 
either from the part of the ore insoluble in acids, or from the 
precipitate of peroxide of iron produced by the addition of 
ammonia ; unless, however, the large bulk of the precipitate 
renders filtration necessary. 

Estimation of the suhoxide of copper , — When It is required 
to estimate the suboxide of copper, the substance to be 
analyzed should be dissolved in nitric acid. That acid yields 
oxygen to the suboxide, converting it into the protoxide, 
which may be precipitated by potash in the usual manner. 
The amount of suboxide is then calculated from the weight 
obtained of protoxide. 


SECTION V. 

SILVER. 

Silver may be precipitated from its solutions, and weighed, 
in the state of chloride, in which form it may be separated 
from all metals whose chlorides are soluble in water or in 
dilute nitric or hydrochloric acids. The only metals from 
which silver cannot easily be separated in this form, are, 
mercury, when existing as suboxide, and lead, when the 
latter is in a very large proportion compared with the silver. 
Either hydrochloric acid, or the chlorides of potassium, 
sodium, or ammonium, may be employed to precipitate the 
chloride of silver, but preference is given to the first, as 
alkaline chlorides exert a slight solvent action on the precipi- 
tate. Before precipitation, the solution should be slightly 
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axjidified by nitric acid, and boiled for a few minutes previous 
to filtering, as the liquid would pass through the filter in a 
milky state without these precautions. Since chloride of 
silver is partially reduced by the agency of light, it is proper 
to keep it in the dark while being filtered : it answers very 
well to cover the funnel with a piece of blackened paper. 
When washed and dried, the chloride of silver is removed 
from the filter into a weighed porcelain crucible, and heated 
until fusion takes place. The filter is burned separately, its 
ash being received and calcined in a weighed platinum cru- 
cible cover, which is used, after calcining the ash, as the 
cover for the crucible in which the chloride is fused. From 
the weight of the chloride of silver, that of the metal or oxide 
may be calculated. After being weighed, the fused chloride 
can be easily detached from the crucible, unless the inside of 
the latter is rough, by digestion in water for a day or two. 

Estimation of silver in alloys. — An alloy of silver with 
other metals may be analyzed by dissolving it in nitric acid, 
and precipitating silver from the solution as chloride by 
hydrochloric acid ; or, if the alloy is insoluble in nitric acid, 
it may be treated with aqua regia, when chloride of silver is 
formed, while the other metals dissolve. A trace of chloride 
of silver may be dissolved by the acid, but it is precipitated 
on dilution with water. The chloride of silver may be col- 
lected and weighed in the usual manner. From the solution 
filtered from the chloride of silver, the other metals may be 
obtained by processes described elsewhere. 

Alloys of silver with metals wliich are oxidable by the air 
at high temperatures, such as lead and copper ^ are analyzed or 
assayed by the process of cupellation, which is briefly the 
following. It consists in fusing the alloy, mixed with a con- 
siderable quantity of pure metallic lead, in a small crucible 
formed of bone earth, which is called the cupel. By placing 
the cupel near an opening in the side of a furnace, air is 
caused to pass over the surface of the fused metals, which, 
with the exception of silver, become oxidked; the oxides 
formed, although by themselves infusible, dissolve in the 
fused oxide of lead, and are absorbed with it by the porous 
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cupel, leaving a button of pure metallic silver, which may 
afterwards be detached and weighed. To ensure accuracy in 
all cases, this operation requires many precautions, for which 
I must refer to the Traite des Essais par la Voie Seche'^ of 
M. Berthler, t. ii., and to the article on Assaying in Dr. 
lire’s Dictionary of Arts and Manufactures. 

This operation is practised to a great extent where several 
such assays' are required at the same time ; but for a single 
assay, where the “ base ” metal is chiefly copper, it is more con- 
venient to dissolve the alloy in pure nitric acid, and precipitate 
the silver as chloride by dilute hydrochloric acid. When lead 
is present, a solution of chloride of lead in water may be used 
as the precipitant of chloride of silver, to avoid the precipita- 
tion of any chloride of lead. In cases, however, where the 
silver is in a very minute proportion, and the great bulk of 
the alloy is lead, for instance the lead of commerce, in which 
the proportion of silver varies from three to one hundred 
ounces per ton, the results obtained in the humid way are 
unw^orthy of the smallest reliance. Such an alloy, however, 
may be cupelled before the blowpipe with ease, after a little 
practice. The alloy is placed on a dry cupel of bone-earth, 
and heated with rather a strong oxidizing flame, directed to 
one side of the melted globule. Two or three times during 
the operation, the alloy is allowed to cool, and is then 
removed and beaten in an agate mortar, in order to detach the 
coating of fused oxide of lead not absorbed by the bone-earth. 
One hundred grains of the lead alloy is the most convenient 
quantity to operate upon in this manner : from that amount, 
every 0’00306 grain of silver obtained, indicates one ounce of 
silver per ton. (For a minute account of the manner of cu- 
pelling silver alloys before the blowpipe, see Plattner’s work 
on the Blowpipe, page 265.) 
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SECTION VI. 

OOLI>. 

Gold may be separated from most other metals by precipi- 
tation in the metallic state from its solution by deoxidizing 
agents, such as protosulphate or protochloridc of iron, proto- 
nitrate of mercury, oxalic or sulphurous acids. Protosulphate 
and protochloride of iron are the precipitants generally em- 
ployed. On adding protochloride of iron to a solution of the 
chloride of gold, the latter yields all its chlorine to the former, 
which becomes perchloridc of iron, metallic gold being preci- 
pitated. A corresponding change occurs when the jirotosul- 
jihate of iron is employed. If a large excess of nitric acid is 
present in the liquid containing the gold, it should be expelled 
by evaporation to dryness before adding the salt of iron ; the 
residue is moistened with a little hydrochloric acid, to render 
it soluble in water, and also to ])revcnt the subsequent depo- 
sition of a subsalt of the peroxide of iron on exposure to the 
air. Protosulphatc or protochloride of iron being added, the 
mixture should be digested for a few hours at a gentle heat, 
and the precipitated gold filtered, ignited and weighed. 

When gold is to be separated from metals, the admixture 
of iron with which would render their determination diffi- 
cult, oxalic acid, or an oxalate, is sometimes employed, in- 
stead of the proto-salt of iron. The excess of nitric acid in 
the liquid is first expelled by evaporation, and hydrochloric 
acid is added to rcdissolve the residue, and also to prevent 
the formation of any insoluble oxalates of the metals from 
which the gold is to be separated. The addition of oxalic 
acid causes an effervescence of carbonic acid and precipitation 
of metallic gold ; the gold is not, however, completely pre- 
cipitated without digestion at a moderate heat for a day or two. 

From copper, gold may be separated by neutralizing the 
acid in the solution containing these metals by potash or 
soda, not ammonia, then adding sulphurous acid and boiling. 
The gold is deposited in scales, but the copper remains in 
solution. 
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Separation of gold from silver. — The analysis of an alloy 
of gold and silver is one of frequent occurrence. If the pro- 
portion of silver is small compared with that of gold, a mass 
of the alloy is laminated, weighed, and heated with aqua 
regia, which dissolves the gold completely, leaving a residue 
of chloride of silver of the form of the alloy operated on. 
The chloride of silver should be disintegrated with a glass 
rod, the Ifquid considerably diluted with water (on which 
a little more chloride of silver is generally deposited), boiled, 
filtered, and the chloride of silver weighed. The excess of 
acid in the filtered liquid being expelled by evaporating 
to dryness, the residue is diluted, and gold is precipitated 
from it by oxalic acid. The solution filtered from the gold 
may then be examined for copper jxnd iron. 

If, however, the proportion of silver is large comi)ared 
with that of gold, the coating of chloride of silver formed 
by the action of the aqua regia may effectually protect the 
interior of the alloy from further action, although the latter 
is reduced to a very thin plate. In such a case, the alloy 
shoidd be decomposed by boiling in strong nitric acid, the 
silver being then dissolved, and the gold separated in the form 
of a powder, which may be collected and weighed. If the 
alloy resists the action of hot nitric acid, it should be fused 
with thrice its weight of pure lead, such as that obtained by 
heating the acetate of Ictid to redness in a porcelain crucible 
over a spirit lamp. The lead alloy is readily acted on 
by nitric acid, all the metals being dissolved except gold, 
which remains in a pure state, and may be collected on a 
filter. From the filtered liquid, silver may be precipitated 
as chloride by a hot solution of chloride of lead. 


SECTION VII. 

MKRctrnv. 

The most convenient form in which mercury can be obtained 
fit for weighing, is in that of the metal itself, in which state 
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it, may also be separated from many other metals. The re- 
ducing agent generally employed to obtain metallic mercury 
from its compounds is protochloride of tin; the reduction 
of all mercurial salts, whether soluble or insoluble in water 
and acids (with the single exception of the sulphuret), 
being easily effected by means of that reagent. When, 
however, the admixture of tin with the bodies from which 
mercury is to be separated would render the subsequent 
determination of the latter difficult, instead of the pro- 
tochloride of tin, phosphorous acid is employed, which be- 
comes phosphoric acid, when brought into contact with a 
solution of cither of the oxides of mercury, with precipi- 
tation of mercury in the metallic state. 

If the mercury exists in solution, the routine of the 
operation is as follows. The liquid is first strongly acidified 
by hydrochloric acid, an excess of protochloride of tin which 
has been previously rendered clear by the addition of a few 
drops of hydrochloric acid is then added, and the mixture 
is boiled for a few minutes. The boiling should not be con- 
tinued longer than a few minutes, to avoid the risk of losing 
mercury by evaporation. When the precipitated mercury 
is completely deposited, the supernatant liquid should be 
decanted, and the precipitate boiled with concentrated hydro- 
chloric acid, on which it generally loses its pulverulent 
appearance, and becomes converted into running globules. 
If the quantity of mercury is very small, it may be 
collected in a weighed filter, dried at a temperature not 
exceeding 120® or 130° Fahr., and weighed with the filter 
in a covered platinum crucible. (See page 15.) If the quan- 
tity of mercury, however, is not small, a better method 
of collecting it is the following. The precipitate having 
been boiled in hydrochloric acid (one object of which is to 
dissolve any peroxide of tin which may have been jirccipi- 
tated), the supernatant liquid is decanted, and the precipitate 
h ^\ ashed by affusion of water acidulated with hydrochforic 
acid, and subsidence. When all the foreign bodies are re- 
moved by washing, the humid mercury is allowed to fall into 
a weighed porcelain capsule, and as much as possible of the 
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liquid floating over the mercury is taken up by a piece of 
bibulous paper. The remaining moisture is expelled by 
evaporation at a temperature not exceeding 150° Fahr. 
When the mercury is dry, it may be weighed in the porcelain 
capsule. 

If nitric acid exists in the solution from which mercury is 
to be precipitated, it must be previously expelled by boiling, 
Avith the occasional addition of hydrochloric acid, so long as 
the formation of any chlorine or nitrous acid is perceived 
from the simultaneous decomposition of nitric and hydro- 
chloric acids. When the quantity of nitric acid is very con- 
siderable, it is better first to precipitate the mercury as 
sulphuret, by means of sulphuretted hydrogen, and then to 
convert the sulphuret into metallic mercury in the following 
manner : — The precipitate is collected in a small filter, and 
introduced, while still moist and on the filter, into a flask 
containing about one ounce of pure and slightly diluted 
hydrochloric acid. Through this mixture, chlorine gas is 
jiassed, by which the sulphuret is completely decomposed, 
with formation of chloride of mercury (corrosive sublimate) 
and free sulphur, some of the latter being slowly converted 
into sulphuric acid. When the undissolvcd sulphur is of a 
j)ure yellow colour, the transmission of chlorine may be dis- 
continued ; the liquid is then boiled to expel free chlorine, 
filtered, and metallic mercury is precipitated by protochloride 
of tin. 

If the mercurial compound to be analyzed is insoluble, 
it is introduced, excepting in the case of the sulphurets, into 
a flask, treated first with strong hydrochloric acid, and then 
with an excess of a saturated solution of pure protochloridc 
of tin. The mixture is boiled for a few minutes, and allowed 
to cool, the flask being well corked. When the solution is 
quite cold, and the decomposition complete, the supernatant 
liquid may be decanted, and the mercury washed and col- 
lected in a porcelain capsule, as described above. 

Mercury in solution may be separated from many other 
bodies by sulphuretted hydrogen : if that reagent precipitates 
the pure protosidphuret (unmixed with free sulphur), the pre- 
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c^)itatc may be collected on a weighed filter, dried carefully, 
and weighed with the filter in a covered platinum crucible, 
the quantity of metal, protoxide or suboxide, being calculated 
from the weight of the protosulphuret. If sulphuretted 
hydrogen precipitates the subsuljihurct, this compound, as 
well as ihc protosulphuret when mixed with free sulphur, — as 
would occur, if nitric acid, a salt of the peroxide of iron, 
chromic acid, &c. existed in the solution, — is decomposed by 
chlorine, in the manner before described, and the resulting 
chloride of mercury is reduced to metallic mercury, which is 
weighed. The reason why mercury cannot be well weighed 
in the state of subsulphuret, is, that a slight elevation of 
temperature causes the decomposition of the subsulphuret 
into protosulphuret and metallic mercury, and a portion of 
the latter might easily be lost, from its volatility. 

Separatum of the oxides of mercury from, the oxide of silver, 
— When mercury exists in the state of protoxide (red oxide), 
It may be separated from silver by first precipating the 
latter from the solution, as chloride, by hydrochloric acid ; and 
from the solution filtered from the chloride of silver, me- 
tallic mercury is precipitated by i)rotochloride of tin. This 
method cannot be practised when the mercury is in the 
state of suboxide (black oxide), as subchloride of mercury 
would then be precipitated with chloride of silver. In this 
case, it is necessary to convert the suboxide of mercury 
into protoxide, by gently heating with a little nitric acid ; 
then to precipitate the silver as chloride ; and afterwards, if 
mu<.:h nitric acid is present in the solution, mercury should 
be }>rccipitatcd as sulphuret, which is converted into chloride 
by means of chlorine, in the manner before described. 

Separation of protoxide of mercury from protoxide of copper, 
— If these oxides exist in a dry state, and unmIxed with 
other bodies, their proportions may be determined by cx- 
j)elling the oxide of mercury from a known weight of the 
mixture by heating to redness in a jdatinum crucible, and 
weighing the residuary oxide of copper. If in a state of 
solution, one method of effecting the separation is the fol- 
lowing. The protosulphurels of both metals are preci- 
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pitatcd by passing sulphuretted hydrogen gas through tlie 
solution, which should not contain free nitric acid, nor any 
substance capable of precipitating free sulphur. The sul- 
phurets are collected in a weighed filter, washed rapidly, and 
dried in vacuo over sulphuric acid, (page 299.) When dry 
and weighed, either the whole or a known proportion of tlie 
sul phurets is then introduced into a weighed tube retort 
with* an elongated neck, and heated to redness : sulphuret of 
mercury is thereby volatilized, together with one half of the 
sulphur contained in the protosulphuret of copper : the latter, 
therefore, becomes reduced to the state of subsulphurct, 
which is weighed. Having calculated the quantity of pro- 
tosulphuret of copper which corresponds to that of the sub- 
sulphuret weighed, the amount of sulphuret of mercury may 
be estimated as loss. 

Estimation of mercury in amalgams. — The amount of 
mercury contained in an amalgam, that is, in an alloy of 
mercury with other metals, may be determined by ascertain- 
ing what loss in weight occurs on volatilizing the mercury 
by heating the amalgam to redness. If the other metals are 
not oxidable by the air at high temperatures, a small porcelain 
crucible may be employed in this operation ; but if the metals 
arc oxidable, a tube retort should be used, the neck of which 
is elongated after the material is introduced, and scaled after 
the tube has been heated to redness. 

By means of sulphuretted hydrogen, mercury in solution 
may be separated from the metals proj)er not precipitated by 
this reagent in their acid solutions, from earths and from 
alkalies. The precipitated sulphuret of mercury is converted 
into the chloride by means of chlorine, as described at page 
375. ; and mercury is precipitated from the chloride in the me- 
tallic state by protochloride of tin. 
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SECTION VIII. 

PLATINUM, PALLADIUM, OSMIUM, IRIDIUM, AND RHODIUM. 

Analysis of platinum ore . — The modes by which the 
metals accompanying native platinum are estimated and se- 
parated from each other, are well exhibited in the ordinary 
process for analyzing platinum ore. 

Besides the metals peculiar to the ore, namely, platinum, 
palladium, osmium, iridium, and rhodium, it contains small 
quantities of iron and copper. For the method described 
we are indebted to Berzelius: although an exceedingly com- 
plicated process. It is, I believe, the best we possess. 

When every thing which seems to be foreign to the ore 
has been separated by mechanical means, it is digested in 
dilute hydrochloric acid, in order to remove the metallic iron 
and peroxide of iron with which the ore is generally mixed ; 
it is then washed, carefully dried, and about thirty grains are 
weighed out for analysis. After being weighed, the ore is 
ignited, and dissolved in aqua regia with the assistance of 
heat, in a glass retort, ’ furnished with a proper receiver, 
which should be kept constantly cold. When the acid has 
been distilled so far that the liquid remaining in the retort 
possesses the consistence of a thick syrup, the mass Is dis- 
solved in a very small quantity of water, and the solution 
carefully poured off from the undissolved residue. The dis- 
tilled acid, wliich is yellow, and contains some of the ore 
projected by the effervescence, is returned to the residue in 
the retort and redistilled. If the liquid in the receiver is 
not then obtained in a colourless state it must again be re- 
turned to the retort and redistilled. 

(A). When procured colourless, the distilled liquid is 
diluted with water, and ammonia is added to it, so that a 
sligkt excess only of free acid remains. To this solution, 
sulphuretted hydrogen water is added, and the mixture is set 
aside, out of the contact of air, until the precipitate produced 
by sulphuretted hydrogen, which is sulphuret of osmium, has 
completely subsided. The clear supernatant liquid is drawn 
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off with a syphon, and the sulphuret collected on a weighed 
filter, washed, dried, and weighed. According to Berzelius, 
this sulphuret contains between 50 and 52 per cent, of os- 
mium. 

(B) . If the saline mass in the retort gives a solution smell- 
ing of free chlorine when dissolved in water, that odour pro- 
ceeds from the decomposition of chloride of palladium, and 
must be expelled by boiling. Should a precipitate appear, it 
is oxide of palladium ; this is redissolved by hydrochloric acid, 
and the liquid is passed through a weighed filter, to separate 
some grains of a combination of osmium and iridium, together 
with some sand which could not be separated before the 
analysis. When dried, these matters are weighed on the 
filter without being ignited. If aqua regia containing too 
much nitric acid is employed to dissolve the ore, peroxide of 
iridium is occasionally precipitated, which passes through the 
filter, having the appearance of charcoal. 

The filtered liquid is mixed, first, with twice its bulk of 
alcohol of sp. gr. 0*833, and afterwards with a concentrated 
aqueous solution of chloride of potassium, which must be 
added so long as a precipitate appears on agitation. 

The precipitate is essentially a mixture of chloride of pla- 
tinum and potassium, and chloride of iridium and potassium ; 
but it contains, besides these compounds, small quantities of 
the corresponding double salts of rhodium and palladium. It 
is collected on a filter, and washed with alcohol of sp. gr. 
0*896, to which a little chloride of potassium has been added, 
till the filtered liquid gives no precipitate with sulphuretted 
hydrogen water. 

The subsequent operations are now divided into two series: 
first, the treatment of the precipitate ; and, secondly, the 
treatment of the alcoholic solution. 

(C) . As much as possible of the double chlorides on the 
filter, when washed and dried, is removed, and carefully mixed 
wUh an equal weight of carbonate of soda : the filter, with 
what remains of the precipitate, being burnt, the ash is mixed 
with carbonate of soda, and added to the other mixture, and 
the whole is gently heated in a porcelain crucible until it 



380 


QUANTITATIVE ANALYSIS. 


becomes black throughout. The double chlorides are thus 
decomposed ; the chloride of platinum is reduced to the me- 
tallic state, while the iridium and rliodium are oxidized. The 
saline mass is treated with water, by which the greater part 
of it is dissolved, and hydrochloric acid is poured on the 
residue to extract the alkali combined with oxides of iridium 
and rhodium. 

The residue of the action of hydrochloric acid, consisting 
of metallic platinum and peroxides of iridium and rhodium, 
is washed, dried, ignited (the filter being burned separately), 
and weighed. This being done, it is fused in a covered 
platinum crucible with five or six times its weight of bisul- 
phate of potash, in which the rhodium dissolves, and com- 
municates to it a red colour. This operation is repeated with 
fresh bisulphate, until the salt no longer acquires a red or pink 
colour. 

(D). The quantity of rhodium may be determined in 
two ways: if the platinum and peroxide of iridium which 
remain undissolvcd after fusion with bisulphatc of potash 
arc washed, ignited, and weighed, the loss on the weight of 
the mixture of platinum and peroxides of iridium and rhodium 
before the fusion indicates peroxide of rhodium^ which con- 
tains 7 1 per cent, of metal. Or, instead of this method, the 
saline solution of rhodium may be mixed with an excess of 
carbonate of soda, evaj)orated to dryness, and ignited in a 
j)latiiium crucible: on re-solution in water, peroxide of 
rhodium remains, which, when washed and dried, is reduced 
to the metallic state by lieating in a tube in a stream of dry 
hydrogen gas. For the reduction, the apparatus of which a 
figure is given at page 345. may be employed. The rhodium 
thus obtained, sometimes contains palladium, which must be 
extracted by digestion in aqua regia ; the acid in the solution 
is afterwards neutralized by an alkali ; and palladium is pre- 
cipitated as cyanide by cyanide of mercury. On being heated 
to redness, cyanide of palladium is decomposed into cyanogen 
gas and metallic palladium, which may be weighed. The 
weight of this portion of palladium is, of course, deducted 
from the rhodium. 
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(E) . The next operation is to obtain the amount of in- 
dium, The metallic mass which remains after the separation 
of rhodium by bisulphate of potash is digested with very 
dilute aqua regia, to remove the greater part of the platinum 
it contains. The solution thus obtained appears very dark, 
from the presence of some suspended peroxide of iridium ; but 
when the solid matter has subsided it is of a pure yellow 
colour, and should then be decanted. The insoluble residue 
is treated with a mixture of concentrated aqua regia and 
chloride of sodium, and evaporated to dryness. The use of 
chloride of sodium is to prevent the formation of protochloride 
of jdatinum. When the dry mass is digested in water, per- 
oxide of iridium remains as an insoluble residue, which is 
filtered and washed, first with a solution of chloride of sodium, 
and afterwards with muriate of ammonia to remove the com- 
mon salt. If washed with pure water, the peroxide of iridium 
would pass through the pores of the filter. It is now burned 
with the filter, and to be obtained in a fit form for weighing, 
should be reduced to the metallic state by hydrogen gas, 
Avhich may be done in the apparatus figured at page 345. 
A small quantity of iridium exists in the solution of chloride 
of sodium, to obtain which it is mixed with carbonate of 
soda, evaporated to dryness, and ignited. The product, 
when freed from soda salts by water, and from platinum by 
aqua regia, leaves peroxide of iridium, which is reduced to 
the metallic state, and added to that already obtained. 

(F) . Having by these means obtained the weights of the 
rhodium and iridium, that of the platinum may be calculated. 
Prom the united weights of platinum and peroxides of rho- 
dium and iridium (C), subtract the peroxide of rhodium (D), 
and the iridium (E), (the latter being increased 1 2 per cent, 
to convert it into peroxide); the remainder is the weight of 
the metallic platinum. 

Such is one series of operations in this complicated analy- 
sis ; there still remains for examination the alcoholic liquid 
filtered from the double chlorides. 

(G) . This liquid is introduced into a bottle or flask which 
will permit of being closed air-tight, and a current of sul- 
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phuretted hydrogen gas is passed through it to saturation. 
The bottle or flask in then closed, allowed to stand in a 
warm place for twelve hours, and if the precipitate has sub- 
sided, the liquid is filtered, and the alcohol evaporated off. 
During evaporation, an additional precipitate falls, which, is 
to be added to the former. The precipitate by sulphuretted 
hydrogen consists of the sulphurcts of palladium, rhodium, 
iridium, and copper ; and the liquid filtered from the preci- 
pitated sulphurets contains iron, rhodium, and iridium, to- 
gether with a trace of manganese. During the evaporation 
of the alcohol, a greasy sulphuret is deposited, which cannot 
be detached from the sides of the vessel by simple washing, 
but may be easily removed after all the adhering liquid has 
been washed away, by dissolving it in ammonia. The am- 
moniacal solution is evaporated to dryness in a platinum 
crucible, the residue is mixed with the other sulphurets, and 
the whole is roasted by heating, with exposure to the air, so 
long as sulphurous acid is produced. When completely 
oxidated, the mass is treated with muriatic acid, by which the 
subsulphates of copper and palladium are dissolved, while 
oxides of iridium and rhodium, with a trace of platinum, 
remain undissolved. 

(H). To the solution in muriatic acid of the roasted 
sulphurets of the last operation, a mixture of nitric acid and 
chloride of potassium is added. On evaporating the mixture 
to dryness, a dark-coloured saline mass is obtained, which 
consists of chloride of potassium, chloride of copper and 
potassium, and chloride of palladium and potassium, of which 
the first two are separated from the third by treatment with 
alcohol of sp. gr. 0*833, in which the former dissolve, leaving 
the double salt of palladium as an insoluble residue, which i& 
collected on a filter and washed with alcohol. When dried 
and ignited, this salt may be weighed: it contains 28*84 per 
cent, of palladium. The alcoholic solution filtered from the 
palladium salt is concentrated by evaporation, and oxide of 
copper precipitated from it by potash, (page 365.) 

(T). The portion of the roasted sulphurets (G) insoluble 
in hydrochloric acid, consisting of oxides of iridium and 
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rhodium, with a trace of platinum, is fused with bisulphate 
of potash in a platinum crucible to dissolve out the rhodium ; 
an operation which is repeated until the bisulphate no longer 
acquires a red or pink colour. The rhodium is determined 
by •one of the methods before described. (D). The residue 
undissolved by bisulphate of potash, which is peroxide of 
iridium with a little platinum, is treated with aqua regia, 
and the pdroxide reduced by hydrogen gas, in the same 
manner as described in a previous part of the analysis. (E). 

(K). The eoncentrated solution from which the sulphu- 
rets were precipitated contains a small quantity of iridium 
and rhodium, protochloride of iron, and a trace of manganese. 
The quantity of the last is commonly too minute to be deter- 
mined. The iron is peroxidized by heating with nitric acid, 
and weighed as peroxide, obtained by precipitation by am- 
monia. But this peroxide of iron contains a small quantity 
of a combination of iridium and rhodium, to separate which, 
after weighing the peroxide, it must be reduced by hydrogen 
gas : the reduced metal is treated with hydrochloric acid to 
dissolve iron, and the black undissolvcd portion is collected 
on a filter, ignited with exposure to the air, and weighed ; 
its weight, deducted from that of the peroxide of iron pre- 
viously obtained, leaves the quantity of the latter in a pure 
state. 

The solution filtered from the precipitate by ammonia is 
mixed with carbonate of soda in sufficient quantity to de- 
compose the ammoniacal salts, and evaporated to dryness. 
On treating the residue with water after a gentle ignition, 
peroxides of iridium and rhodium remain undissolved, but the 
amounts of these are in general too small for separation. 

To facilitate the conception of this intricate analysis, I 
have annexed the following tabular view of the several steps 
in the process. 

The weighed ore is dissolved in aqua regia, distilling the 
acid : 

(a). The distilled liquid contains osmium; dilute with 
water, neutralize most of the excess of acid by 
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ammonia, and precipitate osmium, as sulphuret, 
by sulphuretted hydrogen ; weigh the sulphuret 
of osmium. 

(b). Dilute the concentrated solution in the retort, and 
collect the undissolved grains of osmium and 
iridium (with sand) in a weighed filter ; weigh 
this insoluble matter. 

Mix the filtered solution with twice its bulk of 
alcohol of sp. gr. 0*833, and chloride of potassium, 
filter, and wash with alcohol. 

The operation is now divided into, I., the examination of 
the precipitate ; and, II., the examination of the alcoholic 
solution. 
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Separation of platinum from gold. — The alloy of thesfe 
metals is dissolved in aqua regia ; gold is precipitated in the 
metallic state by adding oxalic acid and boiling; (see page 372.) 
and from the filtered solution platinum is precipitated in the 
metallic state by the addition of formic acid. Or, the solu- 
tion of these metals may be mixed with sulphurous acid and 
boiled, .on which the gold is precipitated in scales, but the 
platinum remains in solution. (M. Berthier.) 


SECT1(3N IX. 

TIN. 

Tin is best weighed in the state of peroxide. If the metal 
is contained in solution in the state of protoxide^ or proUn 
rldoride^ strong nitric acid should be added to the solution, 
and the mixture evaporated nearly to dryness at a boiling 
heat ; the protoxide of tin is thereby converted into the 
insoluble peroxide. Although peroxide of tin is insoluble 
in nitric acid, after being boiled in the liquid, it is still 
sliglitly soluble in hydrochloric acid. If the latter acid is 
]ircscnt, therefore, it should be expelled from the liquid by 
boiling, with the occasional addition of some nitric acid ; the 
hydrochloric and nitric acids suffer mutual decomjiosition, 
with the formation of nitrous acid and free chlorine, both of 
which are expelled by the ebullition. When the conversion 
of protoxide into peroxide of tin is complete, which is per- 
ceived by the cessation of nitrous vapours, the liquid may be 
diluted with water, and the peroxide collected on a filter. 
Peroxide of tin must be ignited previous to being weighed. 

If tin exists in solution in the state of peroxide^ or 
perchloride, the solution is boiled with nitric acid in the same 
manner ; peroxide of tin is thus precipitated, which may be 
^..filtered, ignited, and weighed. 

' If the substance of which the tin is an element is a me- 
tallic alloy, it should be boiled in moderately strong nitric 
acid, when the oxides of all metals which are soluble in that 
acid are formed and dissolved, while the .tin is converted 
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into insoluble peroxide. The liquid is evaporated until 
nearly all the excess of acid is expelled, diluted with water, 
and filtered to collect the peroxide of tin, which is ignited 
and weighed. 

As tin is i)reeipital)le by sulidiurcttcd hydrogen, whether 
existing in the state of protoxide or peroxide, that reagent 
affords tlic means of separating tin from the alkalies,, earths, 
and tlie metals not precipitated by sulphuretted hydrogen 
from their acid solutions. To estimate tin in such a case, the 
precipitated sulphunit, when washed and dried, is introduced 
into a flask, and treated with fuming nitric acid, proj)er 
means being adopted to prevent loss of the solution l)y 
projection, from the intensity of the action. The tin is 
thus converted into peroxide, and the sulphur into sul- 
phuric acid. The acid liquid is poured into a platinum 
capsule or crucible, and evaporated carefully to dryness. 
When all the nitric and suljdmric acids arc exjxJled, 
the residue should be heated to redness, after which, pure 
peroxide of tin remains. In case a little sulphuric acid should 
be retained by the peroxide, it is recommended, after the 
first weighing, to place a fragment of carbonat e of ammonia 
in the crucible, and to heat again to redness, and weigh. 

The analysis of the native oxide of tin is performed in the 
following manner: — Mix the finely powdered ore with five 
or six times its weight of caustic potash or soda, heat the 
mixture to dull redness in a closely covered silver crucible 
for half an hour, and dissolve the resulting mass, whit*h is 
usually green, in hydrochloric acid. Evaporate off most 
of the excess of acid, dilute the remaining liquid with 
water, and precipitate tin as sulphuret by sulphuretted 
hydrogen. Treat the precipitated sulphuret of tin with 
fuming nitric acid in the manner before described. The 
liquid filtered from the sulphuret contains protochloridc of 
iron ; peroxidize the iron by boiling the solution with n.hric 
acid, neutralize with ammonia, and precipitate peroxide of 
iron by a neutral alkaline benzoate or succinate, (page 336.) 
From the liquid filtered from the precipitate of benzoate or 
succinate of iron, manganese may generally be precipitated 
by hydrosulphate of ammonia. 
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SECTION X. 

ANTIMONY. 

For the estimation of antimony, that metal is best prccijdtat ed 
as siilj)liurct, from its slightly acidified solutions, by means 
of* sulj)hurettcd hydrogen. It is indifferent, in this operation, 
whether the antimony exists in the state of oxide or tlie corre- 
sponding chloride, or as antimonious or antimonic acid, 
llefore ajiplying sulphuretted hydrogen gas, the liquid 
should be diluted with water; but if the solution is neutral, 
or nearly so, dilution with water may cause the precipi- 
tation of a subsalt of antimony, an inconvenience that 
is avoided by first adding a considerable quantity of tar- 
taric acid to the solution, after which it may be diluted 
with water, without the production of any precipitate. 
The liquid, when saturated with sulphuretted hydrogen, 
should be left in a warm place exposed to the air, until the 
odour of the gas entirely disappears. The necessity of getting 
rid of the excess of sulphuretted hydrogen arises from the 
circumstance that water saturated with that gas possesses 
the property of retaining considerable traces of sulpluiret of 
antimony in solution, w^hich are deposited, however, wduai 
the sulj)hurcttcd hydrogen is dissipated. 

The precipitated sulphuret is collected on a weighed filter, 
dried, and weighed with the filter in the usual manner. If 
the precipitate which is weighed is the pure sult)huret of 
antimony (Sb S^) corresponding to the oxide of antimony 
(Sb O5), we can, from its weight, calculate at once the 
amount of metal or oxide it represents. But that sulphuret 
is rarely precipitated in a state of sufficient purity for the 
calculation, it being generally contaminated with free sul- 
phur, and sometimes with the higher siilphurets of anti- 
jnany, namely, those corresponding to antimonious and anti- 
monic acids, when it is obviously impossible to estimate, 
from the weight df the sulphuret, the amount of the metal it 
contains. To ascertain, therefore, the purity of the precipi- 
tated sulphuret, after having weighed it, digest a small por- 
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tion in concentrated hydrochloric acid : if it dissolves com- 
pletely, with evolution of sulphuretted hydrogen, it is the 
pure sulphuret corresponding to the oxide ; but if it leaves 
sul])hur undissolved, it contains cither free sulphur or a 
higher sulphuret of antimony. In the latter case, .it is 
necessary that anotlier operation should be performed to 
ascertain the real amount of antimony contained in the sul- 
phuret. A known weight is introduced into a flask, and 
fuming nitric acid is added, drop by drop, proi)er means 
being taken to prevent loss of the liquid by projection. 
Wlicn a considerable quantity of nitric acid has been thus 
gradually added, hydrochloric acid is applied, and the mixture 
is digested at a gentle heat until the whole or the principal 
portion of tlic sulphur is dissolved. The liquid is diluted 
and the undissolved sulphur, if any remains, is collected in a 
weighed filter, dried carefully and weighed on the filter in 
the ordinary manner. The sulphuric acid into which the 
remainder of the sulphur has been converted is precipitated 
by chloride of barium, after an addition of tartaric acid, to 
prevent the 2)rcci])itation of a subsalt of antimony, on dilution 
with water. From the weight of the precipitated sulidiatc 
c>f barytes, that of the sulphur it contains is calculated, 
which, added to that already weighed, and the sum deducted 
from the weight of the sulphuret of antimony employed, 
leaves the amount of metallic antimony in the suli)liurct. 
Anotlier calculation is then necessary to ascertain how much 
antimony was contained in the entire amount of the sul- 
phuret 2>recij)itatcd by sulphuretted hydrogen, as a jiortion 
of it only was operated on. 

Separation of antimony from other metals, — From those 
metals whose sulphurets are insoluble in hydrosulphate of 
ammonia, irony zinCy cadmimuy cohalty lead. Ins’- 

muthy silvery and mercury y) antimony may be separated by 
the ready solubility of its sulphuret in that liquid. The 
metallic alloy, or mixture of oxides, is dissolved in concen- 
trated hydrochloric acid or aqua regia, and the solution is 
supersaturated, first with ammonia, and afterwards with an 
excess of hydrosulphate of ammonia, which should contain 
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its full dose of sulphur. After a gentle heating, the liquid. is 
filtered, and the precipitate is washed with water to which 
some hydrosulphatc of ammonia has been added. The filtered 
liquid is a solution of sulphuret of antimony in hydrosulphatc 
of •ammonia; and the former may be precipitated by thc^ 
addition of acetic acid, of which a slight excess should be 
used. ^ The quantity of antimony in the precipitate is then 
determined by the process before described. 

In an alloy, antimony may be separated from many other 
metals by a process founded on the volatility of its chloride. 
The alloy, reduced to a state of powder, is introduced into 
the bulb of the tube d of the apparatus figured at 
page 351., and chlorine gas is caused to pass through the 
tube. The wash-bottle b may contain water to arrest 
hydrochloric acid. The bottle e is one half or two thirds 
filled with a weak solution of tartaric acid, to which a little 
hydrochloric acid is added. When the apparatus is full of 
chlorine, heat should be applied to the bulb ; chloride of 
antimony then distils into the receiver, affording a limpid 
solution, if sufficient tartaric and hydrochloric acids arc 
ineserit. When all the chloride of antimony is distilled, the 
tube is divided near the bulb, and the adhering chloride of 
antimony is waslicd into the receiver. Through the solution 
thus obtained, sulphuretted hydrogen gas is passed, to preci- 
pitate antimony as sulphuret, and the purity of the precij)itate 
is tested in the manner before described. The quantity of the 
fixed chlorides in the bulb may be estimated by first weigh- 
ing the tube in its present state, then dissolving out the 
chlorides by water or an acid ; and, lastly, weighing the 
empty tube when cleaned and dried. The difference in the 
two weighings is, of course, the weight of the fixed chlo- 
rides. 

Separation of antimony from tin . — From tin, the sul- 
phurets of which metal are soluble in hydrosulphatc of 
ammonia, antimony may be separated by precipitating it in 
the metallic state from the solution of the two chlorides by 
a bar of tin with the assistance of heat. The precipitated 
antimony may be collected, dried, and weighed; and the 
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united weights of the two metals being previously ascer- 
tained, the amount of tin originally present is known from 
the loss. If the metals exist in solution, and their united 
weight is not known, they may both be precipitated toge- 
ther in the metallic state by a bar of zinc: after being 
collected and weighed, the mixed metals are dissolved in 
hydrochloric acid with a few drops of nitric acid. Metallic 
antimony may then be precipitated by tin, collected on a 
weighed filter, dried, and weighed. 

Estimation of antimonic acid, — If the antlmonlc acid 
is dissolved in an alkaline liquid, the excess of alkali is 
first neutralized by adding nitric acid until a precipitate 
begins to appear. Antimonic acid is then precipitated in the 
form of the antlmoniate of the suboxide of mercury, by 
adding a solution of the protonitrate of mercury. A lew 
drops of ammonia may be added to the mixture, to ensure the 
complete precipitation of the antimoniate. The preclj)itate 
is collected, dried, and heated to redness. By ignition, it is 
decomposed, oxide of mercury being given off, and pure anti- 
moiiic acid remaining, in a fit state to be weighed. 


SECTION XI. 

MOLYBDENUM. 

To estimate molybdenum, or molybdic acid, the concen- 
trated solution of the substance is treated with an excess of 
hydrosulphate of ammonia ; the sulphuret of molybdenum is 
thus formed, and is dissolved by the excess of hydrosulphate. 
From the solution, when diluted, the tcrsulphuret of molyb- 
denum is precipitated by adding hydrochloric or acetic acid, 
and the mixture is digested at a gentle heat, until the odour 
of sulphuretted hydrogen is no longer perceptible. The pre- 
ci})itatcd tersulphuret, when calcined in a snlall retort, parts 
with sulphur, being converted into the grey bisuljdiuret, 
in which state it is weighed. From the weight of the sul- 
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pliuret, the amount of molybdenum it contains, or molybdic 
acid it represents, may be estimated. 

Anahjds of molybdate of lead. — Dissolve the powdered 
mineral in dilute hydrochloric acid, with the assistance of 
heat, and collect the chloride of lead which is formed in 
w(iighed filter ; after washing with water, and drying, weigh 
the chloride in the filter with the usual precautions ; neutral- 
izes the filtered liquid by ammonia, add an excess of hydro- 
sulphate of ammonia, and digest the mixture for an hour in 
a closed flask. The lead not precipitated as chloride now 
falls as sul})liuret, which may be collected and estimated by 
conversion into sul])hate of lead, (page 360.) To the liquid 
filtered from the sulphuret of lead, which is a solution of 
sulj)liurct of molybdenum in hydrosulphatc of ammonia, add 
hydrochloric or acetic acid, and allow the mixture to digest 
at a gentle heat until the odour of sulphuretted hydrogen is 
no long(jr perceived. Calcine the precipitated tcrsulphuret 
of inolybdenum, when dry, in a small retort, and weigh it as 
the l)isuli)hurct. 


SECTION XII. 

TUNGSTEN. 

Estimation of tungstic acid. — The ordinary process for 
estimating tungstic acid in a solution resembles that by which 
molybdic acid is estimated. An excess of hydrosulphate of 
ammonia is added to a concentrated neutral or alkaline solu- 
tion containing the tungstic acid ; sulphuret of tungsten is 
thus formed, and is dissolved in the excess of hydrosulphate 
of ammonia. The sulphuret in solution is now precipitated 
by dilute nitric acid, and the mixture is exposed to a gentle 
Ijeat to expel the excess of sulphuretted hydrogen, on which 
all the tungsten is precipitated as tersulphuret, of a yellow 
colour. The precipitate is collected on a filter, washed with 
water slightly acidified by hydrochloric acid, dried, and 
ignited strongly in a platinum crucible with exposure to the 
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VilX. The sulphuret thereby becomes oxidized and converted 
into tungstic acid, whose weight may be determined. When 
tungstic acid exists in solution, with no other base but 
ammonia present, its weight may be determined by evapor- 
^ ating the solution to dryness, and calcining the residue, after 
which pure tungstic acid remains. 

Tungstic acid may be precipitated from its solution, for the 
purpose of weighing, by means of protonitrate of mercury, 
in precisely the same manner as antimonic acid. (See 
mation of antimonic acidy p. 39^.) 

Analysis of tungstate of lime, — The analysis of tungstate 
of lime may be performed in the following manner : — The 
mineral is reduced to a fine powder, and digested at a gentle 
heat in three times its weight of concentrated nitric acid 
until nearly all the acid is evaporated. If the digestion and 
evaporation arc repeated, the tungstate of lime is entirely 
converted into nitrate of lime, and the tungstic acid is set at 
liberty. When the excess of nitric acid is cvaporatcnl ofi*, 
alcohol is added to the dry mass to dissolve nitrate of lime, 
and the residue, which is tungstic acid, is dissolved in am- 
monia. If any thing remains undissolved after the successive 
action of alcohol and ammonia, it is probably silica or some 
stony matter foreign to the mineral. To estimate the lime, 
sulphate of ammonia is added to the alcoholic solution to jjrc- 
cipitatc sulphate of lime, which is dried, ignited, and weighed. 
The solution of tungstic acid in ammonia, when evaporated 
to drynotts and calcined, leaves pure tungstic acid. 

Analysis of Wolfram {tungstate of iron and manganese). — 
The finely powdered mineral is fused in a platinum crucible 
with twice its weight of carbonate of soda, and the fused 
mass is digested in water until nothing more is dissolved by 
that liquid. On treating the residue insoluble in water with 
hydrochloric acid, oxides of iron and manganese dissolve; 
these oxides are separated from each other by an alkaline suc^ 
cinate or benzoate, (p. 336.) From the alkaline solution of 
the fused mass in water, tungstic acid is precipitated by 
hydrochloric acid, washed, and redissolved in Solution of 
ammonia. On evaporating this solution to dryness, and 
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ciilciniiig the residue, pure tungstic acid remains, which may 
be weighed. Or, instead of that, the tungstic acid may be 
precipitated by protonitrate of mercury, when the tungstate 
of the suboxide of mercury falls, which leaves a residue of 
pure tungstic acid, when heated to redness. In a fit state ftv’ 
being weighed. 


SECTION XIII. 

ARSENIC. 

Estimation of arsenic in alloys^ arseniurets^ arsenites^ and 
arseniates. — To estimate arsenic, the solution in an acid of 
the substance to be analyzed should be diluted with water, 
and the arsenic precipitated from it as sulphuret by sulphu- 
retted hydrogen. The precipitated sulphuret is that which 
corresponds to the degree of oxidation of arsenic in the solu- 
tion : if the arsenic in solution is in the state of arsenious 
acid, tlien sulpharsenious acid is precipitated ; but if as arsenic 
acid, it is sulpharsenic acid which is formed. Frequently 
the precipitate consists of a mixture of the two sulpliurets. 
When the subject of analysis is an arsenluret, that is, a com- 
bination of arsenic with another metal, it should be dissolved 
by ac^ua regia : the whole of the arsenic Is then converted 
into arsenic acid. If the compound for analysis is a soluble 
arseiiitc or arseniate, it should be dissolved in water, and 
the solution acidified strongly by hydrochloric acid before 
ai)plying the gas. As a solution of arsenious acid is preci- 
pitated by sulphuretted hydrogen with greater facility than 
a solution of arsenic acid, it is advisable to reduce arsenic 
acid to the state of arsenious acid, before exposing It to 
sulphuretted hydrogen. This may be effected by means of 
sulphurous acid at a boiling heat. (See p. 282.) 

^ When saturated with sulphuretted hydrogen, the liquid 
should be gently heated In an open vessel until the excess of 
the gas is dissipated, as the aqueous solution of sulphuretted 
hy drogen* is capable of dissolving a small rpiantity of the sul- 
phurets of arsenic. 
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If no doubts of the purity of the precipitate are enter- 
tained, that is, of its containing no free sulphur, and of its 
being either entirely sulpharsenious or sulpharsenic acid, and 
not a mixture of these sulphurets, then it may be collected in 
weighed filter, dried, and weighed with the filter, and frojn 
the weight of the sulphuret, the quantity of metallic arsenic 
it contains, or arsenious or arsenic acid it represents, may be 
deduced by ealculation. But it rarely happens that the sul- 
phuret is obtained sufficiently pure for the ealeulation : for as 
the mere exposure of solution of sulpliuretted liydrogen to tlic 
air causes a precipitate of sulphur, it is scarcely possible to 
obtain cither of the sulphurets quite free from that element. 
Another operation must then be performed to ascertain the 
true amount of arsenic in the precipitate, which is precisely 
analogous to that already described for a similar jiurposc 
under antimony, (page 389.) After the sulphuret is collected 
on a weighed filter, washed and dried, it is weighed together 
with the filter, and as much as can easily be removed is 
introduced into a flask, and digested with aqua regia. The 
remaining suljdiuret with the filter is weighed, after anotlier 
drying, to know the amount introduced into the flask. By 
digestion with aqua regia, the arsenic becomes converted into 
arsenic acid, and a portion or the whole of the sulphur into 
sulphuric acid. After a long digestion, to ensure perfect 
decomposition of the sulphuret, the liquid is diluted, and the 
undissolved sulphur (if any) is collected in a weighed filter, 
ilricd and weighed. The sulphuric acid in the solution is 
estimated as sulphate of barytes, the liquid being made pretty 
strongly acid to prevent the precipitation of arseniatc of 
barytes. The sulphate of barytes being weighed, the quan- 
tity of sulj)huret it contains is calculated, and added to that 
already collected : the sum, deducted from the weight of the 
.sul|)huret employed, leaves the amount of metallic arsenic. 

After having precipitated arsenic in tlie state of sulplmrct^ 
from a solution of arsenious acid, by means of sulphuretted 
hydrogen, and determined the weiglit of tlie precipitate, tlic 
small quantity of free sulphur which is mixed with it may 
often be perfectly separated by treating the precipitate with 
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ammonia, which dissolves the sulphuret of arsenic without 
affecting the sulphur. The quantity of sulphur can then be 
readily determined. (Rose.) 

In this manner the acids of arsenic may be separated from 
the alkalies^ earths^ and all metals not precipitated by suj 
phuretted hydrogen from their acid solutions.* From the 
greater number of those metals the solutions of which arc 
precipitated by sulphuretted hydrogen, arsenic, like antimony, 
may be separated by the ready solubility of its sulphurets in 
hydrosulphatc of ammonia. To the solution of the substance, 
add first an excess of jiure ammonia, and afterwards an excess 
of hydrosulphatc of ammonia; sulphurets of the various metals 
are thereby formed, sulphuret of arsenic is rcdissolvcd, while 
the other sulphurets remain insoluble. When (iold, the pre- 
cipitate is collected on a filter, and washed with water con- 
taining a little hydrosulphatc of ammonia. On acidifying 
the filtered liquid with acetic acid, sulphuret of arsenic and 
free sulphur arc precipitated, and sulphuretted hydrogen is 
evolved. After the liquid has been digested at a gentle heat 
until the odour of sulphuretted hydrogen is no longer per- 
ceptible, the precipitate may be collected on a weighed filter, 
and its proportion of arsenic determined by one of the pro- 
cesses above described. 

Alloys of arsenic with metals whose chlorides are not 
volatile at a red heat, may be analyzed by exposing the alloy 
to chlorine gas, and distilling the volatile chloride of arsenic 
in precisely the same manner as the chloride of antimony in 
the analogous method of analyzing alloys of antimony. 

Separation of arsenic from antimony , — The common method 
of scj)arating arsenic from antimony is not very exact. If the 
substance for analysis is an alloy consisting of no other metal 
than arsenic and antimony, the former may be separated 

♦ It has been observed by M. Wbldcr, that when sulphuretted hydrogen gas 

passed through a solution in a mineral acid of arsenic acid and oxide of zinc, 
tlie precipitate which is produced is a combination of sulpharsenic acid and sul- 
phurct of zinc ( Zn S + -A s S^), whatever excess of free acid may exist in the so- 
lution. But if the arsenic acid is reduced to tlie state of arsenious acid before 
transmitting sulphuretted hydrogen (which may be effected by means of sul- 
phurous acid, page sulpharsenious acid is precipitated in a pure state, all 

the zinc remaining in solution. 
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from the latter by distillation in an atmosphere of hydrogen 
gas. The alloy is powdered and introduced in the bulb of 
the tube(j^/ 7 . 20. p. 345.); dry hydrogen gas is passed through 
the apparatus, and the heat of a spirit lamp is applied to the 
'%ilb until all the arsenic is distilled and driven out of the 
tube. The weight of the residue of metallic antimony de- 
ducted from the original weight of the alloy gives that of the 
arsenic expelled. 

When arsenic and antimony occur mixed with other 
metals, or in a state of solution, the above process cannot be 
practised. In such a case, the solution of the substance (previ- 
ously mixed with tartaric acid to prevent the precipitation of 
a subsalt of antimony) is diluted with water, and the sul- 
phurets of both metals are precipitated by sulphuretted 
hydrogen. The two sulphurets should bo well mixed by 
agitation, and then collected in a weighed filter, washed, 
dried, and weighed. Two operations are now to be per- 
formed on the precipitate ; the first to ascertain its amount 
of sulphur, and the second to ascertain the relative propor- 
tions of antimony and arsenic present. 1. The weight of 
the whole precipitate being ascertained, about one half of it 
is removed into a flask, and the filter with the remainder is 
warmed and weighed, to learn the quantity introduced into 
the flask. That portion is very cautiously treated with aqua 
regia, beginning by adding fuming nitric acid, drop by drop, 
and afterwards adding hydrochloric acid with the same 
caution. Tartaric acid is added to the solution thus formed, 
which is diluted with water, and any sulphur which may re- 
main undissolved is collected and weighed. The sulphuric 
acid in solution is then estimated as sulphate of barytes, the 
proportion of sulphur in which, added to that previously 
weighed, and the sum deducted from the weight of the sul- 
phurets employed, gives the proportion of mixed antimony 
and arsenic. 2. To obtain the relative proportions of tho^ 
two metals, a known weight of the other portion of the pre- 
cipitated sulphurets is heated in a current of hydrogen gas 
in the apparatus (Jig. 20. p. 345.), when sulphur from the 
sulphuret of antimony is first disengaged, and afterwards 



QUANTITATIVE ANALYSIS. 


399 


sulphurct of arsenic sublimes, leaving a residue of metallic 
antimony, which may be weighed. Having previously ob- 
tained the united weight of both metals, the weight of the 
arsenic can now be calculated. When arsenic and antimony 
are jnixed with metals which arc precipitated by sulphuretted ^ 
hydrogen from their acid solutions, but whose sulphurets are 
insoluble in hydrosulphate of ammonia, the two sulphurets 
may ’be obtained together, separate from the other sul- 
phurcts, in the same manner as arsenic or antimony alone is 
separated from such metals. 

The following method of separating antimony from arsenic 
lias been recently proposed by M. Behrens. The two metals 
arc precipitated from their solution as sulphurets by sul- 
phuretted hydrogen ; the sulphurets are collected, mixed with 
an equal bulk of nitrate of lead and as much water, and the 
mixture is boiled with constant stirring and addition of water 
to compensate for that which evaporates, until it becomes 
dark brown. The undissolved portion contains the whole of 
the antimony and some of the arsenic in the state of a double 
sulphurct of arsenic and lead. 

To the solution, which contains arsenic, nitrate of lead, and 
free nitric acid, carbonate of ammonia is added so long as a 
precipitate of carbonate of lead is produced ; the solution is 
separated by filtration from the carbonate of lead, acidified by 
hydrochloric acid, and then treated with sulphuretted hy- 
drogen to throw down the arsenic as sulphurct. 

The insoluble mass containing the antimony and a portion 
of the arsenic is digested in ammonia, which is said to dissolve 
only sulphurct of arsenic: the solution is filtered, mixed 
with hydrochloric acid, and the precipitated sulphuret of 
arsenic added to that before obtained. The antimony, which 
remains undissolved, may be separated from the lead and 
estimated in the usual manner, (page 390.) 



400 


QUANTITATIVK ANALYSIS. 


CHAPTEK V. 

NON-METALLIC BODIES. 

Si:CTION I. 

SILICON. 

Estimation of silicic acid {silica), — For the purpose of 
estimation, silicic acid may be separated from the solution in 
which it is contained, by first rendering the latter strongly 
acid, if it is not already so, and then evaporating the liquid 
to dryness. Hydrochloric acid is generally employed to 
acidify the solution of silicic acid. During evaporation, the 
silicic acid is deposited, most frequently in the form of an 
insoluble jelly, but occasionally in a pulverulent state : it is 
not, however, completely separated until the liquid is brought 
to perfect dryness, and the residue treated with a dilute acid 
to remove all soluble matters. Silicic acid then remains un~ 
dissolved, generally in a state of purity, and may be collected 
on a filter, washed, dried, and ignited in a platinum crucible. 
As thus obtained, silicic acid is highly hygrometric ; hence 
the crucible in which it is contained should be kept well 
covered while being cooled and weighed. 

ANALYSIS ^ Dir NATTOAtHSiEirATES. 

The first ingredient of silicates whose weight should be 
determined in the analysis of these bodies is water ^ to esti- 
mate which a known weight of the silicate, previously de- 
prived of all its hygrometric moisture by gentle drying (page 
299.), is heated to redness in a weighed platinum crucible for 
about half an hour. The loss of weight sustained by the 
ignition indicates the amount of water contained in the sili- 
cate. For the subsequent operations it is better to employ 
another portion of the mineral, as silicates which have un- 
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dergone ignition do not dissolve so readily as before being 
heated. 

For the purpose of analysis, silicates may be conveniently 
divided into two classes ; those decomposable by acids, and 
those undecomposable by acids. 


1. Silicates decomposable by Hydrochloric Acid. 


Allopliane 

Gadolinite 

Nosiaii 

Analcime 

Gehlenite 

Okenite 

Anorthite 

Haiiyne 

Orthite 

Apophyllite 

H el vine 

Pectolite 

Hotryolite 

Heulandite 

Potash-harmotome 

Calamine 

Ilvaite 

Pyrosmalite 

Cerine 

Laumonite 

Scapolite 

Cerite 

Lazulite 

Scolezite 

Chabasie 

Leucite 

Siliceous oxide of copper 

Cronstedtite 

Meerschaum 

Sodalite 

Datb elite 

Mesole 

Stilbite 

Dioptase 

Mesolite 

Titanite fSphene) 

Epistilbite 

Natrolite 

WoUastonite 

Eudialite 

Nepheline 


II. Silicates 

KOT DECOMPOSABLE BY IIyDEOCHLOKIC 
Acid. 

Acmite 

Emerald 

Petalite 

Albite 

Epidote 

Pinite 

Andalusite 

Euclase 

Prehnitc 

Autophyllite 

Felspar 

Pyroxene 

Axinite 

Garnet 

Serpentine 

IJarytes-harmotome 

Hornblende 

Soapstone 

Carbonated manganese Idocrase 

Soda-spodumene 

Carpholite 

Labrador! te 

Spodumene 

Chlorite 

Lepidolite 

Staurolite 

Chondrodite 

Mica 

Talc 

Diallage 

Obsidian 

Topaz 

Dichroite 

Olivine 

Tourmaline 

Except, however, in estimating the amount of alkali con- 

tained in the mineral, the course 

to be pursued in the 

anf\lysis of a silicate of one class. 

differs from that of a 

silicate of the other class only at the commencement of the 


process. 

(1.) The -following is the method commonly practised in 
the analysis of a silicate decomposable by hydrochloric acid. 

D D 
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The mineral being reduced to a very fine powder, is dried at 
a gentle heat in a platinum crucible, to expel hygrometric 
moisture, weighed, and digested in hydrochloric acid in a 
porcelain bason. The bases formerly united to silicic acid 
, thereby become chlorides, and silica, having the appear^ 3 lncc 
of a jelly, is set free. If the decomposition is complete, no 
gritty particles of the mineral are perceived on drawing the 
point of a glass rod across the bottom and sides of the porce- 
lain bason. 

The solution thus obtained is evaporated to perfect dry- 
ness, the residue moistened with hydrochloric acid, and then 
digested in hot water. The chlorides dissolve, leaving a 
residue of pure silicic acid, which may be filtered, washed, 
ignited, and weighed. 

(2.) Silicates not decomposable by hydrochloric acid must 
be calcined with an alkaline carbonate *, a caustic alkali, car- 
bonate of barytes, or quick-lime, and afterwards dissolved in 
an acid. As this operation has already been fully described 
when treating of the qualitative analysis of silicates ” (pages 
217. 220.), any further notice of it is unnecessary. 

After separation of tho silica by evaj)oratIng the acid 
solution to complete dryness, digesting the residue in dilute 
hydrochloric acid, and filtering, the remaining steps in the 
analysis of silicates of both classes differ according to the 
nature of the constituents. Supposing the mineral to con- 
tain all the bases which ordinarily enter into the composition 
of silicates (page 217.), the usual course is, first, to add a 
slight excess of ammonia to the solution filtered from the 
silicic acid, on which alumina and peroxide of iron^ with traces 
of oxide of manganese and magnesia, are precipitated, methods 
of separating which have already been described, (pages 339. 
and 336.) From the liquid filtered from those oxides, lime 
is precipitated by oxalate of ammonia (page 315.), and the 
oxalate of lime being separated, manganese is then thrqwn 

• A mixture of carbonate of soda and carbonate of potash, in the proportion of 
single equivalents, is said to fuse at a lower temperature than either carbonate 
separately. Such a mixture may be obtained by calcining Rochelle salt (tar- 
trate of potash and soda), lixiviating the calcined mass in water, and evaporating 
the solution to dryness. 
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down as sulphurct by hydrosulphate of ammonia (page 331%); 
magnesia may be precipitated afterwards by phosphate of 
soda and ammonia. For details of the methods of estimating 
and separating these bases, I must refer to what has been 
previously said on the subject, under each particular base. 

When magnesia and manganese occur together, a better 
method than the above may be adopted, as an example of 
which, the following analysis of the mineral colophonite is sub- 
joined. (Liebig, Handworterhucliy p. 343.) 

The constituents of that mineral are — silica, alumina, 
magnesia, lime, peroxide of Iron, and protoxide of manganese. 
After fusion with an alkaline carbonate, and separation of 
silica in the ordinary method, the solution is mixed, first, 
with chloride of soda, and then with bicarbonate of potash. 


The solution contains lime The precipitate contains alumina, peroxide 
and miigncsia, of iron, and peroxide of manganese. 

Treat it with solution of potash to dis- 
solve out alumina. Dissolve the residue, 
which consists of peroxide of manganese 
and peroxide of iron, in hydrochloric 
acid, and saturate the solution with car- 
bonate of barytes in the cold. 

■ ■ _ 

' — > 

The precipitate is peroxide of 
iron mixed with carbonate 
of barytes. Dissolve it in 
hydrochloric acid, and pre- 
cipitate peroxide of iron by 
ammonia. 

Estimation of alkalies in silicates, — The amount of alkali 
contained in silicates decomposable by acids, and not con- 
taining magnesia, may be easily determined in the following 
manner; — The mineral is dissolved in hydrochloric acid, and 
silica is separated in the usual manner. To the solution, 
which contains the chlorides of the bases formerly united to 
silica, carbonate of ammonia and some caustic ammonia are 
added, the solution is evaporated to dryness, the residue di- 
gested In water, and the liquid filtered from the precipitate. 
In the absence of magnesia, all the earthy bases are thereby 

D D a 


r 

The solution contains manga- 
nese and barytes ; precipi- 
tate manganese by hydro- 
sulphate of ammonia. 
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precipitated, and the filtered solution, when evaporated to 
dryness and the residue calcined, yields the alkali in the state 
of chloride, fit to be weighed. 

But it is obvious that when fusion with an alkali Is neces- 
sary to procure solution, and the ordinary method is followed, 
the estimation of alkali will be extremely difficult, if not alto- 
gether impracticable. Other means of effecting decompo- 
sition are then adopted in the determination of the alkali, for 
which another portion of the mineral must be employed, all 
the other constituents having been previously estimated by 
the usual process. Several modes are proposed of procuring 
the decomposition of silicates by means of substances, the 
presence of which would offer no impediment to the estima- 
tion of the alkali ; as by means of hydrofluoric acid, by fusion 
with carbonate of barytes or caustic barytes, and by oxide of 
lead, each of which may be removed from the solution of the 
ignited mass in an acid, without interfering wdth the estima- 
tion of tlie alkali. 

A method which gives a very satisfactory result, con- 
sists in heating to whiteness in a platinum crucible, for 
an hour, an intimate mixture of one part of the silicate 
with about six parts of finely powdered quick-lime. The 
silicic acid before in combination with alkali then unites 
with lime, and the alkali is therefore set free. The mass, 
which coheres considerably from the heating, is removed from 
the crucible after the ignition, and carefully powdered in a 
glazed mortar, placed on a sheet of paper to preserve any 
particles which may be projected. The powder is then 
transferred to a bason, and digested in water for ten or 
twelve hours at a moderate heat : the solution thus obtained 
is filtered, and the undlssolved lime washed. The filtered 
liquid is merely a solution of the alkali in lime-water, from 
which the former may be obtained by adding a little carbonate 
of ammonia to the solution, boiling the mixture for some 
time, and filtering, to separate the carbonate of lime. The 
filtered solution is slightly acidified by hydrochloric acid, 
evaporated to dryness, and the residue of alkaline chloride is 
moderately calcined and weighed. Instead of performing the 
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latter part of the operation as indicated, the calcined mass may 
be treated with hydrochloric acid, by wliich both earths and the 
alkali are dissolved, and the earths precipitated by an excess of 
carbonate of ammonia ; nothing then remains in solution but 
the. alkali which is to be estimated and ammoniacal salts.. 
The solution is evaporated to dryness, the residue is calcined, 
and the alkali weighed as chloride. The large quantity of 
ammoniacal salts present renders it difficult to effect the 
calcination of the residue without some loss of the alkali by 
projection. 

The silica obtained in the analysis of silicates should 
always be tested as to purity after being weighed. This is 
best done by fusing a small quantity in a bead of carbonate 
of soda on a piece of charcoal before the blowpipe. If a 
colourless and transparent glass is obtained, the silica is pure, 
or nearly so ; but if an opa{jue bead is produced, the silica is 
not free from foreign earthy matter. 


SECTION II. 

SULPHUR. 

Estimation of sulj}huric acid . — Few bodies can be deter- 
mined with greater accuracy than sulphuric acid. The 
solution of the substance in water is acidified by nitric or 
hydrochloric acid, and the sulphuric acid precipitated in the 
form of sulphate of barytes, by adding nitrate of barytes or 
chloride of barium to the solution. Before filtration, the 
mixture should be heated to cause the aggregation of the 
precipitate, otherwise the latter generally passes through the 
pores of the filter. The precipitate must be ignited before 
being weighed. From the weight of the precipitated sul- 
phate of barytes, that of the sulphuric acid it contains is cal- 
culated, If the substance to be analyzed is insoluble in 

1> D ' 
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wjater, but soluble in dilute acids, pure hydrochloric acid 
should be used as the solvent. If the solvent is nitric acid, 
the liquid should be diluted with water, in order to prevent 
the precipitation of nitrate of barytes. The latter salt, though 
^soluble in water, is insoluble in strong nitric acid ; and if a 
little chloride of barium is added to strong nitric acid mixed 
with a small quantity of sulphuric acid, nitrate of barytes is 
prccipated in preference to sulphate of barytes. 

The sulphates insoluble, or nearly so, in water and dilute 
acids are, sulphates of barytes, lead, lime, and strontian. 

Sulphate of lead may be analyzed by fusing it with about 
three times its weight of carbonate of soda in a platinum 
crucible, by which sulphate of soda and oxide of lead arc 
produced. All contact with organic matter must be carefully 
avoided, to prevent reduction of oxide of lead to the metallic 
state, which would inevitably destroy the crucible, by the 
formation of a fusible alloy of phitinum with the reduced 
lead. When the fused mass is treated with water, the 
greater portion of it dissolves, leaving a residue of oxide of 
lead, which may be collected on a filter, and if pure, washed, 
dried, ignited, and weighed. If the oxide of lead is mixed 
with other oxides, these are separated by processes before 
described. To the filtered liquid, which contains sulphate 
and carbonate of soda, add a slight excess of hydrochloric 
acid, and estimate the sulphuric acid by precipitation as sul- 
j)hate of barytes. The aqueous solution of the fused mass 
generally contains a litlc lead, which may be precipitated as 
sulphui’et by sulphuretted hydrogen, and weighed as the 
sulphate, (page 360.) 

Sulphate of barytes and sulphate of strontian are analyzed 
by mixing them in a minute state of division with three times 
their weight of a mixture of carbonate of soda and carbonate 
of potash, and fusing the mixture in a platinum crucible. 
Sulphates of soda and potash and carbonates of the earths .are 
1‘ormed, the latter remaining undissolved when the fused 
mass is treated with water. When washed, the earthy car- 
bonates are dissolved in dilute hydrochloric? acid, and estimated 
in the usual manner, (pages 314. and 315.) The solution 
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filtered from the earthy carbonates is acidified by hydrochloric 
acid, and sulj)huric acid is precipitated as sulphate of barytes 
by chloride of barium. 

Sulphate of lime may be completely decomposed by boiling 
it with a solution of carbonate of potash or soda, with the 
formation of carbonate of lime and an alkaline sulphate. 
TIic carbonate of lime is collected on a filter, dried, and 
weighed after a gentle calcination, and the sulphuric acid in 
the filtered solution is precipitated as sulphate of barytes, 
the excess of alkaline carbonate being previously neutralized 
by hydrochloric acid. After the carbonate of lime is weighed, 
it should be tested for any undecomposed sulphate of lime, 
by dissolving it in pure dilute hydrochloric or nitric acid. If 
an insoluble residue remains, or if chloride of barium pro- 
duces a precipitate of sulphate of barytes in the acid solu- 
tion, the carbonate of lime has not been free from sulphate of 
lime. 

From tlic insolubility of sulphate of barytes both in 
water and dilute acids, sulphuric acid in solution may be 
separated from almost every other substance ; all the salts of 
barytes which arc insoluble in water being soluble in hot 
hydrochloric acid, with the single exception of the sulphate. / 

Sulphurous acif existing in a state of solution, may be esti- 
mated by converting it into sulphuric acid by means of strong 
nitric acid, by aqua regia, or by clilorine gas, with the appli- 
cation of a gentle heat ; the sulphuric acid formed being 
afterwards weighed sulphate as of barytes. 

ANALYSIS OF SULFHUKETS. 

The ordinary method of analyzing a metallic sulphuret 
consists in digesting the substance in nitric acid or aqua regia ; 
the metal thereby oxidates, and commonly dissolves, and 
th§ sulphur is converted into sulphuric acid, which may 
be precipitated and weighed as sulphate of barytes. In 
general, the metal is oxidated and dissolved long before the 
sulphur; and as a continuance of the digestion is tedious, 
from the slowness of the action, if the undissolved sulphur 

D J) 4 
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lias a pure yellow colour^ and docs not appear to be mixed 
with any undecomposed sulpliurct, it may be collected on a 
weighed filter (having first diluted the solution), washed 
carefully, dried, and weighed on the filter. From the filtered 
Jiquid, sulphuric acid is precipitated by chloride of barium. 
If the sulphurct is in a highly divided state, and the acid 
employed highly concentrated, the whole sulphur is some- 
times immediately converted into sulphuric acid. 

The metals existing in the solution filtered from the sul- 
phate of barytes are then separated and estimated in various 
ways by processes already treated of. If the presence of 
barytes, arising from the excess of chloride of barium em- 
ployed, interferes with the determination of these metals, the 
barytes may first be removed by adding sulphuric acid to the 
solution. It is in general, however, more convenient to 
operate upon another quantity of the material for the deter- 
mination of the bases. Weak nitric acid should not be 
employed to dissolve some metallic sulphurets, as an evolu- 
tion of sulphuretted hydrogen gas might then be occasioned, 
with a consequent loss of sulphur. 

In all cases in which sulphur is separated in the elementary 
state, especially in the analysis of metallic sulphurets, th(i 
purity of the sulphur should be tested, after being weighed, 
by volatilizing it in a weighed poreelain crucible. If any 
fixed residue remains in the analysis of a metallic sul- 
phuret, it is commonly the oxide of the metal, and was of 
course weighed in the state of sulphurct with the sulphur. 
After a strong calcination of the residue in the open air, to 
ensure perfect oxidation, and also to expel any sulplmric 
acid which may have been formed, it is weighed ; and the 
nature of the oxide being known, the weight of sulphurct 
which it represents is calculated and deducted from the 
weight obtained of sulphur. When this oxide is dissolved 
in hydrochloric acid, there usually remains a trace of stony 
matter or silicic acid undissolved, if the substance analyzed is 
a natural sulphurct. 

In this manner, most metallic sulphurets may be analyzed ; 
but a small number require slight modifications of the above 
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process. Sidpliuret of silver must be decomposed by pqrc 
nitric acid, and not by aqua regia : when the decomposition 
of the sulphuret is complete, and the liberated sulphur is 
sej)arated from the solution, silver may be j)recipltated by 
hydrochloric acid; and after filtration from the chloride of* 
silver, sulphuric acid may be precipitated by chloride of 
barium. Snljdiuret of bismuth must also be treated with 
nitric acid, and not with aqua regia. The liberated sul})hur 
being collected and washed vrith dilute nitric acid, bismuth 
is precipitated from the solution by carbonate of ammonia, 
and sulphuric acid from the filtered liquid by chloride of 
barium. 

Native sulphuret of lead {common lead ore, or galenaf) may 
he analyzed by digesting it in fuming nitric acid, by which it 
is converted into the insoluble sulphate of lead. The excess 
of acid being expelled by evaporation to dryness, the residue 
is digested in a solution of caustic potash until the sulphate 
of lead is completely dissolved. The alkaline solution is 
filtered from the earthy matters which remain undissolvcd, 
and treated with sulphuretted hydrogen, until all the lead in 
solution is precipitated as sulphuret, which is converted into 
sulphate of lead, and estimated in the usual way. (page 360.) 
As the sidj)hureis of mercury cannot be decomposed by nitric 
acid, it is necessary to use aqua regia to dissolve these com- 
pounds. The sulphuric acid j)roduccd is precipitated by 
chloride of barium, and mercury is thrown down from the 
filtered liquid by sulphuretted hydrogen. (i>age 375.) 

The combinations of sulphur with most metals may be 
analyzed by heating the substance in an atmosphere of 
chlorine gas. In this operation, the apparatus fiy, 21 . (page 
351.) may be employed. Chloride of sulphur and chlorides 
of the metals are thereby formed : the former, together with 
the volatile metallic chlorides, distils into the receiver, which 
should be kept one-fourth filled with water ; the fixed chlorides 
remain in the bulb. Before applying heat to the sulphuret 
in the bulb, all the air in the receiver should be displaced by 
chlorine. ’The chloride of sulphur which distils is decom- 
posed, on coming in contact with the water in the receiver. 
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with formation of free sulphur and hydrochloric and sulphur- 
ous acids ; the latter is immediately converted into sulphuric 
acid by chlorine in the presence of water. The sulphur is 
collected in a weighed filter, and solution of chloride of 
^barium is added to the filtered liquid to precipitate sulphuric 
acid. The metallic chlorides remaining in the bulb may 
be dissolved out by water, and estimated by the ordinary 
processes. 

The following mode of analyzing metallic sulphurets, par- 
ticularly sulphuret of copper, has been recently recommended 
by Dr. Kemp. The sulphuret, in fine powder, is mixed with" 
about three times its weight of dry chlorate of potash, and 
the mixture is placed in a test-tube of hard Bohemian glass. 
The mortar in which the mixture is made is rinsed out with 
a little fresh chlorate, wliich is also introduced into the tube. 
The mixture is then heated rather sharply, heat being first 
applied to the top, and then downwards to the bottom. The 
oxidation of the sulphuret is complete in less than a minute. 
When cold, the contents of the tube arc washed out into a 
flask with hydrochloric acid, the mixture is digested at a 
moderate heat for a few minutes, then diluted, filtered from 
the undissolvcd silica, and the sulphur (sulphuric acid) and 
metals in the solution estimated in the usual way. 

The analysis of alkaline and soluble earthy sulphurets may 
be performed in the following manner : — A solution of 
chloride of copper is added to the aqueous solution of the 
substance to be analyzed, and the precipitate, which is sul- 
phurct of copper, is rapidly collected on a filter, and oxidized 
by fuming nitric acid. When the sulphur is completely 
dissolved, a solution of nitrate of barytes is added to preci- 
pitate the sulphuric acid into which the sulphur has been 
converted, and the amount of sulphur is calculated from that 
of the sulphate of barytes obtained. If the alkaline sulphuret 
is treated at once with nitric acid, some sulphur would cscj^pe 
oxidation and be lost, being evolved in the state of sulphu- 
retted hydrogen gas; hence the necessity of having the 
sulphur in the state of sulphuret of copper, which does not 
yield sulphuretted hydrogen with strong nitric acid. The 
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Aquid, filtered from the precipitated sulpliurct of copper may 
be treated with sulphuretted hydrogen, to separate copper ; 
and the alkali or earth remaining in solution may be deter- 
mined in the usual manner. 

Instead of mixing the solution of chloride of copper with 
the solution of the alkaline or earthy sulphuret, sulphuretted 
lij^drogen gas may be produced by decomposing the sulphurct 
by ‘hydrochloric acid, and the gas transmitted through so- 
lutions of the copper salt, contained in a series of Woulf’s 
bottles, the last solution being supersaturated with ammonia. 
When tlie decomposition is complete, a saturated solution of 
carbonate of ammonia should be introduced into the gene- 
rating bottle, to cause a stream of carbonic acid gas to traverse 
tlie whole apparatus, and thus carry forward the remaining 
sulphuretted hydrogen. The precipitated sulphuret of copper 
is treated by nitric acid as above. 

l^stimation of the sulphur in cast iron , — The small quantity 
of sulphur contained in cast-iron may be estimated by dis- 
solving tlie iron in dilute sulphuric acid, and conducting the 
evolved gases through a metallic solution capable of absorbing 
the sulphuretted hydrogen, for which purpose the ammonio- 
nitratc of silver has been recommended. A bulbed apparatus, 
similar to that employed for absorbing ammonia in the esti- 
mation of nitrogen*, but containing four bulbs of equal size 
between the two large bulbs, will be found convenient for 
containing the solution of silver in this operation. (Dr. 
Bromeis.) 


SECTION III. 

CHLORINE. 

Analysis of chlorides, — Hydrochloric acid and chlorine 
may be determined with great accuracy. The solution of 

^ Sec the figure of this apparatus under the head of “ Determination of Ni* 
trogen/’ in the chapter on Organic Analysis. 
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the substance to be analyzed is warmed, and the chlorine is 
precipitated in the form of chloride of silver by adding a 
solution of nitrate of silver to the liquid. Chloride of silver 
falls much better from a neutral liquid (provided the nitrate 
of silver is applied in slight excess) than from a liquid con- 
taining a free acid. In many cases, however, the presence 
of a free acid is necessary in order to prevent the precipitation 
of other compounds of silver besides the chloride, such com- 
pounds being mostly soluble in free acids. Certain precau- 
tions to be observed in the precipitation and ignition of 
chloride of silver have already been mentioned under the 
subject of silver, (page 369.) From the liquid filtered from 
the chloride, the excess of silver may be removed by adding 
hydrochloric acid or common salt, and the bases present may 
then be determined by the ordinary processes. If the sub- 
stance is insoluble in water, but soluble in acids, such as 
many subchloridcs, nitrld acid should be employed as the 
solvent. 

Chloride of silver and chloride of lead may be analyzed by 
reducing these compounds to the metallic state by hydrogen 
gas, in the apparatus fg, 20. (page 345.), with the assistance 
of heat; hydrochloric acid gas is then disengaged. The 
degree of heat required for the decomposition of metallic 
chlorides by hydrogen gas is somewhat higher than that 
necessary to decompose the oxides of the same metals by 
hydrogen. When the decomposition of the chloride is com- 
plete, which is known by the absence of white fumes on 
holding a rod moistened with ammonia at the extremity of 
the apparatus, the tube c containing the reduced metals may 
be disconnected from the apparatus and weighed. The weight 
of the tube and substance having been previously determined, 
the loss of weight on reduction represents the amount of 
chlorine contained in the chloride. 

Suhcldoride of mercury {calomel) may be analyzed by 
digestion in a solution of caustic potash ; the black suboxidc 
of mercury and chloride of potassium are then formed. The 
filtered alkaline solution is saturated with nitric acid, and the 
chlorine contained in it is precipitated by nitrate of silver. 
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1*1 Is advantageous to take another portion of calomel to de- 
termine the mercury by means of protochloridc of tin. 

Separation of chlorine from hydrochloric acid, — This may 
be effected by means of metallic mercury. When a mixture 
of free chlorine and free hydrochloric acid, in aqueous solu- 
tion, is agitated with excess of metallic mercury, the whole 
of’ the free chlorine is absorbed by the mercury, with forma- 
tion of subchloride of mercury (calomel), which is Insoluble 
in water. The free hydrochloric acid remains in solution, 
unaffected by the mercury, and may be estimated in the 
usual way. Chlorine water is conveniently tested for free 
hydrochloric acid in this way. 

CIILOIIIMETKY. 

Chlorlmetry, or the process for the valuation of chloride of 
lime (bleaching powder), is an important subject in connection 
with the chemical arts. This article of commerce is subject 
to considerable deterioration through exposure to air ; and its 
actual value as a bleaching agent can only be determined l)y 
making an estimation of its proportion of available chlorine. 
Three modes of obtaining this will be pointed out, in one of 
which the available chlorine is determined by finding what 
([uaiitity of the chloride of lime to be analyzed is required 
to convert a known weight of the protoxide of iron into 
peroxide. 

For conversion Into peroxide of iron, one equivalent of 
protoxide of iron requires half an equivalent of oxygen, 
which is supplied in the present process by the dccomj)osition 
of half an equivalent of water by chlorine of the chloride of 
lime. Half an equivalent of chlorine, therefore, or 17 *72 
parts, effects this change upon a whole equivalent, or 35*18 
parts of protoxide of iron, which quantity of protoxide is 
contained in one equivalent, or in 138*5 parts of crystallized 
protosulphate of iron. Therefore 17*74 parts of chlorine can 
peroxidizc 138*5 parts of crystallized protosulphatc of iron, 
or 10 grains of chlorine can peroxidizc 78*1 grains of the 
crystallized protosulphate. Now the process consists in dis- 
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covering how much of the specimen of chloride of lime is 
requisite to peroxidize 78 •! grains of the protosulphate, 
which quantity of the chloride must contain 10 grains of 
chlorine. 

In the first place, 78*1 grains of the pure protosulphate 
(clean crystals of the salt dried by strong pressure between 
folds of cloth) are dissolved in about two ounces of water, 
and the solution is acidulated by a few drops of hydrochloric 
or sulphuric acid. Fifty grains of the chloride of lime are 
weighed out, mixed well in a mortar with about two ounces 
of tepid water, and the mixture poured into an alkalimeter. 
(page 306.) The measure is filled up to 0 with the wash- 
ings of the mortar, and the liquids are well mixed by agita- 
tion, the mouth of the alkalimeter being closed by the palm 
of the hand. This solution of chloride of lime is then gra- 
dually added to the solution of 78 grains of protosulphatc of 
iron until the latter is completely peroxidized, which is dis- 
covered by means of the red prussiate of potash. That salt 
gives a precipitate of prussian blue with a salt of the protoxide 
of Iron only, and not with a salt of the peroxide ; so long, 
then, as it produces a blue precipitate, protoxide of iron still 
exists in solution, and more chloride of lime must be added. 
In applying red prussiate as the test, it is convenient to have 
a white plate spotted over with small drops of its solution 
very dilute, which are touched with the drop of the liquid to 
be tested, taken out on the point of a glass stirrer. Stopping 
short exactly at that point at wdiich the red prussiate of pot- 
ash ceases to afford prussian blue, but gives a green colour, the 
number of measures poured from the alkalimeter is carefully 
observed : the richer in chlorine the specimen of chloride of 
lime is, the less of course is required. As this amount, what- 
ever it may be, but which, for example, wc will suppose to 
be 70 measures, eontains always 10 grains of chlorine, it 
becomes a simple matter to calculate the per-centage of chlo- 
rine in the specimen. For as 100 of tlie alkalimeter divisions 
contain 50 grains of the chloride, each single measure must 
contain half a grain; the 70 measures poured out contained, 
therefore, 35 grains of cljloride of lime. Then, if 35 grains 
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oi* the chloride contain 10 grains of chlorine, by simple pro- 
portion, 100 grains of the chloride must contain 28*57 grains 
of chlorine. The only calculation to obtain tlie pcr-centagc 
is, to divide 1000 by one half the number of measures poured 
from the alkalimeter : — 

^««-^ = 28 * 57 . 

Or, what is the same thing, to divide 2000 by the actual 
number of measures poured out."^ 

The other two chlorometrical processes to be noticed arc 
similar in principle to the preceding, but the material em- 
ployed to absorb the chlorine, in the place of copperas, is 
arsenious acid in one case, and the yellow prussiatc of potash 
in the other. 

When arsenious acid is exposed to free chlorine in the pre- 
sence of water, it becomes converted into arsenic acid ; the 
latter, however, is without action on free chlorine. One 
equivalent of arsenious acid (99*37), and two equivalents of 
free chlorine (70*94), in the presence of two equivalents of 
water, give rise to one equivalent of arsenic acid and two 
equivalents of hydrochloric acid: 10 parts of chlorine are 
therefore absorbed by 14*0 parts of arsenious acid. A solu- 
tion is made of 14 grains of pure arsenious acid in about an 
ounce and a half of diluted muriatic acid, and the solution is 
tinged slightly blue by the addition of a drop or two of solu- 
tion of sulphate of indigo, (page 36.) Fifty grains of the 
bleaching powder to be tested are well mixed with warm 
water in a mortar, and the mixture and washings of the mor- 
tar j)oured into the ordinary alkalimeter up to the mark 0, 
the mixture being well shaken. This liquid is then poured, 
by very small portions at a time, into the arsenical solution, 
with constant agitation, until the slight blue tinge of the 
latter is wholly destroyed, which is an indication that the 
bleaching liquid has been applied in excess. After the com- 

* In the preceding process, Mr. W. Crum uses a stoppered phial to contain 
the solution of sulphate of iron, which is shaken, instead of an open jar or 
tumbler, and thus prevents any escape of chlorine. He can then add the chlo- 
ride of lime in a dry state, from a weighed quantity, in the absence of an 
alkalimeter. {Trans. Glasgow Phil, Society.) - 
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plete conversion of the arsenious acid into arsenic acid, t\/o 
or three drops of the bleaching liquid suffice to destroy the 
blue colour of tlie indigo. As each measure of the alkaliine- 
tcr represents half a grain of chloride of lime, and the number 
of measures poured out contain 10 grains of chlorine, th^jre- 
fore the per-centage of chlorine is obtained by dividing 2000 
by the number of measures required for bleaching the indigo. 

To avoid the trouble of weighing out 14 grains of arsenious 
acid for every experiment, it is convenient to have a stock 
solution of that acid of a certain strength, from which a mea- 
sure containing exactly 14 grains may be poured out. Such 
a solution may be made by dissolving 280 grains of pure 
arsenious acid in 8 or 10 ounces of hydrochloric acid free 
from arsenic, and diluting the solution with water until the 
liquid measures exactly 30 ounces. One ounce and a half of 
such a solution is the quantity to be used for each test, as 
that measure contains 14 grains of arsenious acid. 

The chlorometiical process in which yellow prussiate of 
potash* is used to absorb the chlorine, is conducted in just 
the same manner, with the substitution of 119*7 grains of 
the crystallized prussiate for the 14 grains of arsenious acid. 
By the action of one equivalent of free chlorine, two equiva- 
lents of the yellow prussiate are converted into one equivalent 
of the red prussiate, with formation likewise of one equiva- 
lent of chloride of potassium. As soon as the whole of the 
yellow prussiate is converted into the red prussiate, the mix- 
ture \*eaaes to afford prussian blue with a solution of peroxide 
of iron ; but, until that point is attained, the solution of 50 
grains of chloride of lime is poured from the alkallmeter, by 
very small portions at a time, with constant agitation. The 
solution of peroxide of iron may be made by adding a little 
nitric acid and muriatic acid to a hot solution of copperas, 
until the liquid loses the dark colour it first acquires, and 
becomes reddish yellow : the liquid may then be evaporated 
nearly to dryness, and the residue diluted with a large quan- 
tity of water. The solution, which should be very dilute, is 

* The use of the yellow prussiate of potash in Chlorimetry was first pointed 
out to me by my friend Mr. J. l^rcer, of Oakenshaw. 
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applied in drops to a white plate, and the drops are touclicd 
by the point of a glass rod with the liquid to be tested. 

The number 2000, when divided by the number of mea- 
sures of solution of chloride of lime necessary to jirevent the 
prujssiate from striking a blue colour with the drops of solu- 
tion of peroxide of iron, gives the per-centage of chlorine in 
the sample required.* 


^ The following observations by Mr. Crum describe a method of testing 
weak solutions of chloride of lime, such as are used in bleaching, which appears 
to be well adapted to the use of the practical bleacher. The original paj)er is 
published in the I’roceedings of the Glasgow Philosophical Society. “ Chlo- 
riintttry requires to be practised by the bleacher for two puri)oses — First, he has 
to learn the commercial value of the bleaching powder which be purchases; and 
with that view he can scarcely desire any thing better than the method either by 
arsenioiis acid, or green coi)peras. But the more important, because the hourly 
testing of his bleaching liquor, and that on which the safety of his goods depends, 
is tlie ascertaining the strength of the weak solutions in which the goods have 
to be immersed. If the solution is too strong, the fabric is apt to be injured. 

1 f too weak, parts of the goods remain brown, and the operation must be re- 
peated. The range within which cotton is safe in this process is not very wide. 
A solution standing 1° on TwaddcU’s hydrometer (spec. grav. 1’005) is not 
more than safe for such goods, while that of half a degree is scarcely sulHcient 
for the first operation of stout cloth, unless it is ])ackcd more loosely than usual. 
When the vessel is first set with fresh solution of bleaching i)owder, there is little 
difficulty, if the character of the powder be known ; but when the goods are re- 
tired from the steeping vessels, they leave a portion of bleaching liquor behind, 
unexhausted, which must be taken into account in restoring the liquor to the 
requisite strength for the next parcel. The chlorimetcr must, therefore, be ap- 
])lied every time that fresh goods are put into the liquid. 

“ I introduced another into our establishment some years ago, which has been 
in regular use ever since, and by which the testing is performed in an instant. 
It depends on the dc}jth of colourjof the peracetatc of iron. A solution is formed 
of protochloride of iron, by dissolving cast-iron turnings in muriatic acid, of 
lialf the usual strength. To ensure perfect saturation, a large excess of iron is 
kei)t for some time in contact with the solution at the heat of boiling water. 
One measure of this solution, at 40° Twaddell, (spec. grav. 1 *200) is mixed 
witli one of acetic acid, such as is soltl at 8.v. a gallon. Tliat forms tlic proof 
solution. If mixed with six or eight jiarts of water it is quite colourless, but 
chloride of lime occasions with it the jiroduction of peracetatc of iron, which has 
a peculiarly intense red colour. 

“Aset of phials is procured, 12 in number’, all of the same diameter, A 
quantity of the proof solution, equal to^th of their capacity, is put into each, 
and then they arc filled up with bleaching liquor of various strengths, the first 
at of a degree of Twaddell, the second, ^^^ths, the third, 
to 1‘^ths, or 1 degree. They are then well corked up, and ranged together, two 
and two, in a piece of wood, in holes drilled to suit them. We liavc thus a 
scries of phials, showing the .shades of colour which those various solutions are 
cajiafile of producing. To ascertain the strength of an unknown and partially 
exhausted bleaching liquor, the proof solution of iron is put into a phial similar 
to those in the instrument, up to a certain mark, Jth of the whole. The idiial 
is then filled up with the unknown bleaching liquor, shaken, and placed beside 
lliat one in the •instrument which most resembles it. The number of that phial 
is its strength in 12ths of a degree of the hydrometer ; and, by inspecting the 
annexed table, we find at once how much of a solution of bleaching powder, which 
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SECTION IV. 

IODINE. 

Analysis of iodides. — The amount of iodine contained in 
iodides whicli are soluble in water may be estimated by pre- 


is always kept in stock, at a uniform strength of six degrees, is necessary to raise 
the whole of the liquor in the steeping vessel to the desired strength. 


3S. 



“ The instrument is formed of long 2-ounce phials cast in a mould ; those of 
blown glass not being of uniform diameter. Tiie outside, which alone is rough, 
is polished by grinding, and in this state they can easily be procured at 4s. iUi. a 
dozen. They arc placed two and two, so that the bottle containing the liquid to 
be examined may be set by the side of any one in the scries, and the colour com- 
pared by looking through the liquid upon a broad piece of white paper stretched 
upon a board behind the instrument. 

“ To explain the table it is necessary to state that the steeping vessels we em- 
ploy contain, at the proper height for receiving goods, 1440 gallons, or 288 
measures of 5 gallons each, — a measure being tlie quantity easily carried at a 
time. In the following table, O represents water, and the numbers 1, 2, .S, &c. 
are the strength of the liquor already in the vessel in 12thsof a degree of Twad- 
dcll, as ascertained by the chlorimeter. If the vessel has to be set anew, we see 
by the first table that 32 measures of liquor at 6° must be added to (256 mea- 
sures of) water to produce 288 measures of liquor at fjjths of a degree. But if 
the liquor already in the vessel is found by the chlorimeter to produce a colour 
equal to the second phiiil, then 24 measures only are necessary, and so on.” 
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(upitating the iodine in the form of iodide of silver by the 
nitrate of silver. The precipitated iodide is collected and 
ignited in the same manner and with the same precautions as 
the chloride of silver. This method of estimating iodine is 
of eourse not applicable when either chlorine or bromine i^ 
also present. 

The proportion of iodine existing in a neutral liquid may 
be directly estimated by means of a solution composed of 
1 part of crystallized sulphate of copper, and 2~ parts of 
crystallized protosuljihate of iron. On adding such a solution, 
all the iodine is precipitated in the form of subiodide of 
copper ; the chloride of copper which might be formed at the 
same time from the chlorides that might be present remains 
in solution. The precipitate must be collected on a weighed 
filter, washed, dried, and weighed. It contains 66*6 per cent, 
of iodine. The amount of i(Kliiic contained in iodine ley may 
be conveniently determined by this process. A solution of 
sulphate of co])pcr in a saturated aqueous solution of sul- 
phurous acid may be made use of in this operation in the 
place of the solution of the sulphates of copper and iron. 

Protochloridc of palladium is another reagent emjdoyod for 
the direct determination of* iodine. Tlic mixture of the jiroto- 
chloride of palladium with the iodide is allowed to stand for 
ten or twelve hours, or until the brownish black pi'ccipitate of 
protiodide of palladium has subsided, and the supernatant liquid 
become clear. The j^recipitate is then collected on a filter, 
washed, dried at 212°, and then weighed: ]79’9 parts of the 
protiodide contain 120*57 of iodine. 

It is, however, usual to determine the amount of iodine as 
lo.<fSy that is, as the deficiency on the weight of the original 
substance, having ascertained the quantity of all the other 
ingredients of which the substance is composed. To obtain, 
then, the amount of base combined with iodine, the iodide 
may be decomposed by sulphuric acid in a porcelain capsule 
with the assistance of heat ; hydriodic acid, suli^hiirous acid, 
and iodine are evolved, and a residue remains, consisting of 
the sulphate of the oxide of the metal formerly united to 
iodine. The com 2 )osition of the iodide. being known, the 
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woight of metal in the portion weighed is calculated and 
deducted from the original weight of the substance, to obtain 
the amount of iodine. In the case of* iodides, whose metallic 
bases are precipitated from solution in an acid by sulphuretted 
Jiydrogcn or hydrosulphatc of ammonia, those reagents may 
be used to separate the metals. If the iodide for analysis is 
insoluble both in water and acids, it should be ignited with 
carbonate of soda, and the heated mass afterwards digested 
n water. Iodide of sodium and tlie excess of carbonate of 
soda dissolve, and leave the metallic oxide as a residue, if it 
is insoluble in a solution of the alkaline (;arlionate. The 
oxide may be weighed, the corresponding amount of metal 
calculated, and deducted from the original weight of the 
iodide to obtain the amount of iodine. 

Strparation of iodine from rJdorme. — As iodides rarely 
exist in nature unmixed with chlorides, it is imi)ortant to 
liave the means of completely sej)arating chlorine from iodine. 
Many processes have been jiroposed foi* this ))urposc, one of 
the best of which is the following, by M. Hose ; — Botli 
clilorlijc and iodine are ])rccipitated from the mixed salts by 
nitrate of silver, and the mixed iodide and chloride of silver 
is collected, ignited, and weighed. The mixed iodide and 
chloride is then introduced into a tube of hard glass, having 
a. bulb blown on its middle (such as the tube c of the appa- 
ratus figured at Jiagc 345.), and after being weighed with the 
tube, chlorine gas is passed over the substance. l>y the 
actio]i of chlorine, the iodide of silver is decomjKised, chloride 
of silver being formed, and iodine liberated, which may be 
driven out of the tube by the application of heat. On again 
weighing the tube, a loss will be oxperlenc(id, which, mul- 
tijilied by 1’389, gives the quantity of iodine contained in the 
mixed chloride and iodide of silver ojicratcd on. The number 
T389 bears the same proportion to 1 which the equivalent 
of iodine bears to the difference between the equivalents of 
chlorine and iodine. For every equivalent of iodine (126*57) 
expelled by chlorine one equivalent of chlorine (35*47) is 
absorbed; the loss actually sustained in the experiment, 
therefore, is the differenee between the equivalents of chlu- 
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rftie and iodine, or 91 •! for every 126*57 parts of iodine, 
which numbers are as to 1 to 1*389. Having thus obtained 
tlie iodine, the amount of chlorine may be calculated by de- 
ducting the weight of the iodide of silver (found by calcu- 
latipn) from the weight of the mixed chloride and iodide of 
silver; tlie remaining chloride of silver contains 24*67 per 
cent, of chlorine. 


SECTION V. 

BROMINE. 

The amount of bromine contained in bromides may be 
estimated either by precipitation, as bromide of silver, which 
is collected and fused with the same precautions as the chlo- 
ride of silver, or by determining the amounts of all the other 
ingredients, and estimating bromine as the loss on the original 
weight of the substanee. The amount of metallic base may 
be ascertained cither by conversion into suljihatc by heating 
the bromide with suljihuric acid in a porcelain capsule, oi* by 
sc[)arating the metal from the solution of the substance by 
means of sul[)huretted hydrogen i>r hydrosulphate of ammonia. 
Ib’omides insoluble in acids may be analyzed by fusion with 
t*arl)()iiate of soda, in a manner precisely similar to that de- 
scribed for insoluble iodides. 

Reparation of bromine from iodine, — In a mixed bromide 
and iodide the respective proportions of bromine and iodine 
may be ascertained by a method similar to that proposed by 
M. Kose for the analysis of mixed chlorides and iodides. 
The mixture of iodide and bromide of silver is obtained, its 
weight determined, and the mixture is heated in an atmosphere 
of bromine. A loss is found to occur after the heating, which, 
multiplied by 2*627, gives the proportion of iodine. 

Reparation of bromine^ iodine^ and chlorine, — A mixture of 
a bromide, an iodide, and a chloride, in neutral aqueous 
solution, may be analysed in the following manner : — The 
solution is divided into two equal parts ; one is mixed with 
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excess of nitrate of silver and the precipitate, which consists 
of a mixture of chloride, iodide and bromide of silver, is col- 
lected, washed, dried, and weighed. The iodine in the other 
lialf of the solution is estimated as protiodide of palladium 
(see page 419.) ; the liquid filtered from the protiodide , of 
palladium is treated with sulphuretted hydrogen in order to 
remove the excess of palladium as insoluble sulphuret, which 
is separated by filtration. The filtered liquid is boiled to 
dissipate the excess of sul|)huretted hydrogen, and then mixed 
witli an ammoniacal solution of chloride of silver, prepared 
by mixing a saturated solution of chloride of silver in am- 
monia with one measure of ammonia and one of water. Such 
a solution precipitates bromine as bromide of silver, but pro- 
duces no precipitate in a saturated solution of chloride of 
sodium (Schweitzer). The weight of the bromide of silver, 
together with the quantity of iodide of silver equivalent to 
that obtained of protiodide of palladium, is deducted from the 
weight of the mixed chloride, iodide, and bromide of silver : 
the remainder is, of course, the weight of the chloride of 
silver, from which that of the chlorine required is calcidated. 


SECTION VI. 

FLUORINE. 

Anahfsis of fluorides, — The ordinary method of deter- 
mining the amount of fluorine contained in fluorides consists 
in separating the fluorine in the state of hydrofluoric acid, 
and calculating its quantity from the loss. To perform this, 
the dry weighed fluoride is moistened with oil of vitriol in a 
])latinum capsule, and heated so long as acid vapours arc 
given off. The residue, w^hich consists of the sulphate of the 
oxide of the metal formerly in combination with fluorine, ..is 
welgiied, and the proportion of metal it contains calculated; 
the weight of the metal deducted from the original weight of 
the substance leaves the amount of fluorine. If more than 
one base is combined with fluorine in the substance for 
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aitalysis, it is necessary to undertake a full determination of 
the bases, and to calculate the amount of each metal. To 
obtain the amount of fluorine, the united weight of the metals 
ia deducted from the weight of the fluorides operated on. 

When the substance to be analyzed contains water, that, 
it is obvious, will be included in the loss, and must therefore 
be estimated by another operation before the fluorine can be 
determined. The amount of water contained in many fluo- 
rides may be estimated by heating the substance alone to 
redness in a platinum crucible. The whole of the water may 
* then be given off* in a pure state, and its amount is learned by 
tlie loss in weight undergone by the heating. But it fre- 
quently happens, that besides the water a little hydrofluoric 
acid is disengaged, which vitiates the determination of the 
former. In such a case, the weighed fluoride, in fine powder, 
is intimately mixed with freshly calcined and powdered prot- 
oxide of lead, the mixture is introduced into a small hard 
glass retort, and covered with a little more pure oxide of 
lead. The retort, with its contents, is weighed, and heated 
to redness to expel water, which is given off* without a trace 
of acid, the latter being retained by the oxide of lead. Tlie 
vapour of water in the retort at the close of the operation is 
removed by carefully sucking it out with the mouth by 
means of a narrow tube introduced into the retort through 
the neck. The loss in the weight of the retort indicates the 
amount of water expelled. By deducting the water from 
the united loss of fluorine and water previously arrived at by 
the determination of the bases, the amount of fluorine is 
ascertained. 


SECTION VII. 

PlIOiPHOKUS. 

Kstimation of phosphoric acid . — In the analysis of com- 
binations of phosphoric acid with substances, the weights of 
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which are easily determined, it is usual, having obtained the 
amount of every other ingredient, to consider the deficiency 
on the weight of the matter employed as representing the 
phosphoric acid. 

If contained in a neutral or ammoniacal solution, phosphoric 
acid is best precipitated as the double phosphate of magnesia 
and ammonia, by adding a solution of a salt of magnesia and 
some free * ammonia to tlic solution containing a phosphate. 
For the jirccautions necessary to be observed in the preci- 
pitation of that double salt, see page 318. By the calcination 
to Avliich it is subjected previous to being weighed it parl:j 
with all its ammonia, becoming converted into phosphate of 
magnesia containing 63*33 jicr cent, of phosphoric acid. 

If phos])horic acid exists alone in solution, its amount 
may be determined directly, by adding, of pure and freshly 
calcined protoxide of lead, a known weight, which is in 
excess, to the solution, and evaporating to dryness. The 
residue, which is a mixture of jihosphate of lead with 
the excess employed of oxide of lead, is calcined in a platinum 
crucible, and weighed. The increase on the quantity of prot- 
oxide of lead employed is the amount of phosphoric acid 
formerly contained in solution. 

Fliosphoric acid is also sometimes estimated directly by 
precipitation from its neutral solutions as phosphate of lead or 
as phosphate of barytes ; but as this acid forms compounds 
of difierent composition with the same base, the precipitate 
must, in general, be subjected to analysis after its weight is 
determined, in order to ascertain tlie actual amount of j)hos- 
phoric acid it contains. The phosphate is analyzed by 
ascertaining directly the proportion of base it contains, and 
considering the loss as the phosphoric acid. 

The two phosphates mentioned are analyzed by the fol- 
lowing processes : — Phosphate of lead is dissolved in dilute 
nitric acid, and oxide of lead is precipitated from the solution 
as sulj)hate, by sulphuric acid; some alcohol is added to the 
mixture to prevent the solution of any trace of the sulphate, 
the latter being wholly insoluble in dilute alcohol. ‘ The pre- 
cipitated sulphate of lead is filtered, washed with weak alco- 
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lift], ignited, and weighed. From the quantity of sulphate/ 
tliat of oxide of lead is calculated, and the phosphoric acid 
estimated as loss. Phosphate of barytes is analyzed by dis- 
sn)lving it in hydrochloric acid, and precipitating barytes from 
the ^solution by sulphuric acid. From the weight of the 
preeijntated sulphate of barytes, that of the barytes is cal- 
culated, which, again, deducted from the original weight of 
rtic phosphate, gives the amount required of phosphoric acid. 

Phos})horic acid may be separated from many metallic 
oxides by fusion with an excess of carbonate of soda. The 
jttass, after being heated, contains the metallic oxide, phos- 
phate of soda, and the excess of carbonate of soda. If the 
oxide is quite insoluble in a solution of the alkaline carbonate, 
nothing but phosphate of soda and carbonate of soda dissolves 
when the dry mass is treated with water. The aqueous 
solution is first saturated with hydrochloric acid, then ren- 
dered slightly ammoniacal, and mixed with a salt of magnesia, 
to precipitate the phosphoric acid as phosphate of magnesia 
and ammonia. 

Separation of phosphoric acid from alumina. — Phosphoric 
acid cannot be separated from alumina by the above method, 
as phosphate of alumina is soluble in solution of carbonate of 
soda. To analyze phosphate of alumina, Fuchs recommends 
that a known weight of the combination should be dissolved 
in a solution of caustic potash, and the alumina be precipi- 
tated by a solution of silicate of potash, in the form of silicate 
of alumina and potash. The bulky and mucilaginous pre- 
cipitate which falls is collected on a filter, washed, and di- 
gested in hydrochloric acid ; the acid mixture is evaporated 
to dryness to separate silica. When the dry mass which re- 
mains after the evaporation is moistened with hydrochloric 
acid, and then treated with water, it affords an insoluble re- 
sidue of silicic acid, while alumina dissolves, and may be 
jirocipitated from the solution by carbonate of ammonia. 
The alkaline liquid filtered from the precipitate of silicate of 
alumina contains all the phosjJioric acid. It is supersaturated 
with hydrochloric acid and evaporated to dryness ; the re- 
sidue is redissolvcd in water, the .solution rendered alkaline 
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with ammonia, and the phosphoric acid precipitated as phos- 
phate of magnesia and ammonia, (page 424.) 

Phosphate of alumina may also be decomposed by calcination 
with a mixture of carbonate of soda and silica. When thfi 
calcined mass is digested in water, phosphate of soda, with the 
bxcess of carbonate of soda, and some silicate of soda dissolves, 
while silicate of alumina remains undissolved. 

Srparation of phosphoric acid from peroxide of uranium ,' — 
Phosphate of uranium in a finely divided state, such as that 
of a precipitate from a solution by ammonia, is completely 
soluble, according to M. Ebelmcn, in a solution of bicar- 
bonate of potash. (See page 60.) From such a solution, 
peroxide of uranium may be precipitated by caustic ])otash, 
in the form of uranate of potash, while the phos])lioric acid 
remains in the alkaline solution. Or else the phosphoric acid 
may be first separated from the solution by the addition of 
known quantity of peroxide of iron dissolved in nitric acid, 
the bicarbonate being in excess ; a pre(upitate falls consisting 
of the whole of the peroxide of iron and 2 )hosphoric acid, the 
increase in weight of which represents the amount of phos- 
phoric acid required. The peroxide of uranium may after- 
wards be estimated in the usual manner. (M. Ebclmcn.) 

Another, but less accurate, method consists in dissolviiig 
tlie phosphate in hydrochloric acid, supersaturating the solu- 
tion with ammonia and applying hydrosulphate of ammoiaia, 
in order to convert all the oxide of uranium into sulphurct, 
which !s collected, washed, dissolved in hydrochloric acid, 
and estimated as usual. The phosphoric acid in the ammo- 
niacal liquid filtered from the sulphuret of uranium is preci- 
pitated as phosphate of magnesia and ammonia, (page 424.) 

Separation of phosphoric acid from sulphuric acid, — If a 
substance is to be analyzed which contains both phosphoric 
and sulphuric acids, the latter may be easily separated from 
the former by the solubility of phosphate of barytes in acids. 
Either hydrochloric or nitric acid being first mixed with the 
solution, on adding an excess of chloride of barium, sulphate 
of barytes only is precipitated, which may be weighed. If 
the solution filtered from the precipitate of sulphate of barytes 
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is earefully neutralized with ammonia, phosphate of barytes 
is precipitated, the phosphoric acid contained in which may 
be determined by weighing and analyzing the precipitate, in 
tlk manner before described. 

Schulze has proposed a method of determining the 
nu?<^unt of phosphoric acid contained in soils, rocks, wood- ^ 
ashes, &c., founded on the insolubility of phosphate of the 
])tT5xide of iron, and phosphate of alumina in acetic acid. In 
soils, the phosphoric acid generally exists in the state of 
phosphate of lime and phosphate of magnesia. If to a solu- 
Ikip f>f these phosphates in acetic acid a suflBcient quantity of 
a solution of acetate of jieroxide of iron is added, all the phos- 
j)horic acid may be precipitated, in the form of jdiosphate of 
the peroxide of iron, which may be collected and weighed. 
Instead of acetate of iron, acetate of alumina may be em- 
ployed with a similar result. As soils usually contain more 
[Xiroxide of iron and alumina than is sufficient to combine 
with the whole of the j)hosphoric acid they contain, all that 
is required to be done, is estimating the amount of this acid 
contained in a soil, is to add excess of ammonia to the solu- 
tion of the earthy matter in hydrochloric acid, and to treat 
the precipitate with acetic acid. Nothing but j)hos])hate of 
the peroxide of iron and j)hosphatc of alumina remains un- 
dissolved, and after being weighed, these phosphates mny be 
se])arated from each other by dissolving the latter in solution 
of caustic potash.* 

An important modification of the preceding process, ap- 
plicable, however, only in the absence of alumina, has been 
introduced by M. Liebig. The acid solution of the earthy 
phosphate is mixed first with a solution of perchloride of 
iron, and afterwards with excess of ammonia. Instead of 
digesting the mixture thus precipitated of phosphate of per- 
oxide of iron and peroxide of iron in acetic acid, it is digested 
in hydrosulphate of ammonia, whereby sulphuret of iron and 
phosphate of ammonia are produced. After a little digestion. 


* The insohibility of the phosphate of the peroxide of iron in acetic acid also 
affords a means of separating the peroxide from the protoxide of iron ; the 
phosphate of the latter base being soluble in acetic acid.^ 
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the sulphurct of iron is collected on a filter and washed, afid 
the phosj)horIc acid is precipitated from the filtered liquid as 
phosphate of magnesia and ammonia, (page 424.) 


SECTION vin. 

BORON. 

Estimation of horacic acuL — Boracic acid is best deter- 
mined by the loss ex[)erienccd on the original weight of the 
substance containing it, when the weight of every other con- 
stituent is ascertained. The estimation of boracic acid comes 
thus to consist in the perfect separation and determination of 
the weights of all the substances with which it is associated. 
The separation of the metals proper from boracic acid may 
be easily effected by sulphuretted Jiydrogcn or hydrosulphatc 
of ammonia, but tlie separation of the earths requires parti- 
cular processes. Wlicn the compounds which contain this 
acid arc decomposable by concentrated sulphuric acid, they 
may be analyzed by the following method, proposed by Arf- 
vedson. A known weight of the borate to be analyzed is 
mixed in a jdatinum crucible with four times its weight of 
pure fluor spar, both su])stanccs being in a state of fine 
powder, and suflScient oil of vitriol to make a thick paste, 
'flic mixture is heated gradually to redness, and maintained 
at that temperature so long as any acid vapours are given off*. 
All the boracic acid is thus converted into the gaseous fluo- 
ride of boron, which is entirely disengaged, together with the 
excess of sulphuric acid. The residue consists of sulphate of 
lime produced from the decomposition of fluor spar, and sul- 
phates of the bases with which boracic acid was previously 
in combination. This residue is then subjected to a full 
analysis, by processes described elsewhere; and the nature 
and proportions of the bases being ascertained, their unite 
weights arc deducted from the original weight of the borate 
operated on to obtain the amount of boracic acid. • 

In the manner just described may be analyzed all borates 
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wl.ich arc decomposable by sulphuric acid, and which do not 
contain water. The same process may be followed if the 
borate contains lime ; the quantity of lluor spar must then 
]}\\ accurately weighed, and the lime contained in the sub- 
stjy Qe analyzed be deduced from the excess of sulphate of 
liniT formed over the calculated quantity produced from the ^ 
quantity of fluor spar employed. (Rose.) 

^Instead of fluor spar, hydrofluoric acid may be used to 
decompose borates. The borate, in a state of fine division, 
is mixed with hydrofluoric and siiliihuric acids in a weighed 
.^Ji^tinum crucible : the mixture evaporated to dryness and 
calcined to expel all the excess of sulphuric acid, leaves 
a residue, consisting of sulphates of the bases formerly united 
with boracic acid. 

Borate of harytes may be analyzed by dissolving it in 
hydrochloric or nitric acid, and precipitating barytes from the 
solution, as sulphate, by sulphuric acid. The weight of the 
l)arytcs contained in the sulphate being calculated, the boracic 
acid may be estimated as loss. 

C. G. Gmelin has proposed the following process for the 
direct determination of boracic acid. The powdered sub- 
stance to be analyzed is heated to redness with carbonate of 
soda, and the resulting mass is digested in water, to dissolve 
the borate formed during the fusion. The small quantities 
of silica and alumina which the water may also dissolve are 
j)rccipitatcd by digestion with carbonate of ammonia. The 
liltcrcd liquid is evaporated to dryness, and the residue 
treated with suljdiuric acid, to decompose the borate of soda ; 
the boracic acid thus liberated is dissolved out by alcohol. 
The alcoholic solution, when saturated with ammonia, evapo- 
rated to dryness, and the residue calcined, leaves pure boracic 
acid, whose weight may be detennined. 
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SECTION IX. 

NITROGKN. 

Estimation of nitric acid. — If nitric acid exists in so^fjoi\ 
*111 a free state, and iinmixed with any other acid (e^ept 
sulphuric), its amount may be determined by adding a suf- 
ficient quantity of barytes water to render the liquid feebly 
alkaline, and evaporating the solution of nitrate of barytes 
thus obtained to dryness. The excess of barytes combines 
with carbonic acid from the atmosphere during evaporatw^ 
to form the insoluble carbonate of barytes, which therefore 
remains undissolved when the dry residue is treated with 
water. The barytes in solution is then precipitated by sul- 
phuric acid, and weighed as sulphate. The weight of the 
sulphate of barytes is, of course, proportional to that of the 
nitric acid, in the ratio of single equivalents of each. 

When the nitric acid exists in a state of combination, it is 
generally estimated as loss, the amount of the base in com- 
bination with the acid being ascertained, either by conversion 
into sulphate, or by other means proper for the ])articular base. 

If the base Is one which may be jirecipitatcd from its acid 
solutions by sulphuretted hydrogen, that re-agent is advan- 
tageously employed to separate it from nitric acid. The pre- 
cipitated sulphuret being separated from the solution, the 
nitric Jicid set at liberty may be determined by adding a slight 
excess of barytes water to the solution, and evaporating to 
dryness. The small quantity of sulphuret of barium formed 
from the sulphuretted hydrogen in solution is converted, 
during evaporation, into hyposulphite and sulphate of barytes, 
both insoluble salts. When the dry mass is treated with 
water, nothing but nitrate of barytes dissolves, which may 
then be converted into sulphate, and the latter weighed. 
When the analysis is performed In this manner, it Is necessary 
tu cease passing sulphuretted hydrogen so soon as the nitrate 
is entirely decomposed, as an excess of the re-agent would act 
on the liberated nitric acid, occasioning its decomposition and 
consequent loss. 



QUANTITATIVE ANALYSTS. 


431 


<3uch suhnitmtes as are insoluble in water may be decom- 
posed, as well as if soluble, by sulphuretted hydrogen ; they 
should be reduced to a state of minute division, and diffused 
tm’ough an ounce and a half or two ounces of water. These 
lies may likewise be decomposed by digestion in a solution 
of\uiphuret of barium; by which an insoluble metallic sul-^ 
phuret is produced, on the one hand, and the soluble nitrate 
ol liar^tes on the other. The excess of sulphuret of barium 
is removed from the solution by a current of carbonic acid 
gas, which precipitates carbonate of barytes, and causes an 
solution of sulphuretted hydrogen gas. The solution is 
filtered and evaporated to dryness, the residue rcdissolvcd 
in water, and barytes precipitated from the solution by sul- 
phuric acid. From the amount of sulphate of barytes, that 
of the nitric acid may be calculated. 

Tlie nitric acid in nitrates may also be estimated directly 
by distilling the nitrate with sulphuric acid and treating the 
product of distillation as described in the first paragraph of 
the present section. Barytes Avater mny be introduced into 
the receiver at first. If the nitrate under examination is 
mixed with an iodide, a bromide, or a chloride, some sulphate 
of silver should first be added to the solution of the mixture 
in a neutral state in order to convert the iodide, })romidc, or 
chloride into a sulphate ; after removal, by filtration, of the 
precij)itated iodide, bromide, or chloride of silver, the liquid 
is mixed with a slight excess of carbonate of soda, concen- 
trated by evaporation, if necessary, mixed with more than 
enough pure sulphuric acid to convert all the bases present 
into bisulphates, and then distilled into a receiver containing 
barytes water. The distillation is carried on until fumes of 
sulphuric acid begin to make their appearance. The barytes 
solution in the receiver is treated as described above. 

Processes for the Refraction of Nitre ” are noticed in 
the -Appendix. 

EUDIOMETRY. 

To separate oxygen gas from nitrogen gas, and to determine 
the amounts of watery vapour and earhonic add contained in 
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atmospheric air, several processes have been recommended, 
possessing various claims to accuracy as well as simplicity. 
Of those for estimating the oxygen and nitrogen the principal 
are the following : — 

(1.) Into a measure of air observed at a known temij^r- 
'ature and pressure, and contained in a narrow graduatccf tCibe 
standing over water, a stick of phosphorus is introduced' and 
allowed to remain for twenty-four hours, or so long'as 3liy 
absorption of gas is seen to occur. When the white vapoinvs 
have entirely disajipearcd, the phosphorus is withdrawn, and 
the amount of contraction noticed, together with the tenipGXii*i^ 
ture and pressure, for which, if they do not agree with tlie 
observations at the time of the first measurement, coiTcctions 
must be made*: the gas remaining is nitrogen. This is the 
simplest method, but probably the least exact. 

(2.) Gay-Lussac recommends a method in whicli oxygen 
is separated from nitrogen by means of slips of coi)j)er 
moistened with hydrochloric acid, which absorb oxygen wifli 
rapidity. 

(3.) Another simple method is that in which the oxygen 
is estimated by observing the contraction which occurs on tlie 
ignition of a mixture of a known measure of air with one 
half its bulk of pure hydrogen. The ignition may l)e effected 
cither by the electric spark or by means of a |)ellet of clay 
and spongy platinum. In the latter case, combination of the 
hydrogen and oxygen takes place without explosion; hence 
the experiment may be performed in a common graduated 
tube standing over mercury. One third of the contraction 
represents the volume of oxygen contained in the measure of 
air employed. In igniting by the electric spark. Dr. lire’s 
eudiometer is a convenient instrument to be used. It is 
formed of a straight glass tube 39.), about twenty inches 
in length, sealed at one end, and doubly bent at the middle. 
The limb with the scaled end is graduated. Two platinum 
wires are sealed into the glass near the closed end, with 
their extremities within the tube about one tenth of an inch 


* The means of making these corrections arc given in an Ajipcndix. 
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apHrt. On placing one of these wires in communication with 

the knob of a charged Leyden jar, 
and the other with the outside, the 
spark passes within the tube. Having 
prepared ii mixture of air and hydro- 
gen in known proportions, enough 
of this mixture is transferred into 
the tube at the water or mercurial 
trough, to occupy about three inches 
of the sealed limb ; the amount of 
the mixture introduced is accu- 
rately observed, the li(j[uid standing 
in both limbs at the same level. 
The mouth of tlic open limb is now closed by a cork which 
is secured by a wire, and the elec.tric spark is taken through 
it. After the cxjdosion, a contraction is found to occur, to 
observe the amount of whicli, the liquid must again be 
brought to the same height in botli limbs. One third of the 
contraction is the bulk of oxygen contained in the original 
mixture. 

(4.) The most accurate mode of determining the compo- 
sition of the air is that lately emjdoycd by M. Dumas, which 
is a modification of a process previously proposed by M. 
Brunner. After the air is passed through potash and sul- 
phuric acid successively, to absorb carbonic acid, water, and 
carburetted hydrogen, it is conducted over metallic copper 
heated to redness in a tube of • hard Bohemian glass. The 
co])pcr employed is that procured from reduction of the oxide 
by means of hydrogen gas. Oxyg(ui is eagerly absorbed by 
the copper, while nitrogen passes onwards, and is received 
into a weighed exhausted globe, which is again weighed at 
the close of the experiment. The increase in the weight of 
the tube containing the copper gives at once the oxygen. 
In this process, therefore, both the oxygen and nitrogen are 
determined by direct weighing, and no corrections are re- 
quired for changes of temperature and pressure: hence its 
superiority to all eudiometrical processes in which the gases 
are estimated by measurement. 

F F 
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. The proportion of carbonic acid ffas contained in the atmo- 
sphere may be determined by adding gradually barytcs-watcr 
or lime-water of a known strength to the air to be examined, 
contained in a large globe of known caj)acity. The liquid. ^is 
^dropped into the globe by means of a graduated pipcttej jg^ , 
long as the alkaline reaction of the barytes or lime is neu- 
tralized, which is best ascertained by reddened litmus naper. 
When the paper is rendered permanently blue, more barylds 
or lime has been added than is necessary to form carbonate 
with all the carbonic acid of the air. The carbonic acid is 
proportional to the quantity of lime or barytes neutralized. — 
The most ready method of determining the amount of- 
watery vapour in the air is by the hygrometer ; but the sub- 
ject of hygrometry belongs rather to physics than to chemistry. 
The same object may be attained by causing a known quan- 
tity of air to pass through a tube which contains some highly 
hygroscopic body ; a method followed by Brunner. A cylin- 
drical bottle, « {Jig. 40.), furnished with a stop-cock near 



its bottom, is connected (air-tight) at top with a small tube 
c, containing fragments of dry chloride of calcium ; and that 
is connected, by means -of a caoutchouc joint, with the tube 
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d, ^hich contains asbestos moistened with concentrated sul- 
])huric acid, an extremely useful hygrometric agent. Tlie 
tu)f)e d being weighed, and the apparatus mounted as in the 
figure, the stopcock is opened, and the water whicli flows out 
is r^jeeived in the graduated vessel e. That vessel serves as ^ 
tbe measure of the air which enters the bottle a. If passed 
with moderate degree of rapidity, the air, in entering, is 
entirely de])rivcd of its water by the sulphuric acid in the 
tube d ; the IiKirease in weight of which at the end of the 
experiment is the amount of water contained in a volume of 
an* ccpial to the volume of water collected in the receiver e. 


SECTION X. 

CARBON. 

4nalp is of carhoitates ,^ — The quantity of carbonic acid 
contained in all carbonates which arc soluble in hydrochloric 
or sulphuric acid in the cold may be determined by the fol- 
lowing simple method: — A known weight of the powdered 
substance is introduced into a flask similar to that represented 
in./Zy. 41. The flask should be thin at the bottom to allow of 
/<v>. 41 . the application of heat, and have the capacity 
of three or four ounces of water. It is fitted 
with a cork, which has a perforation to ad- 
mit a small bent tube, and the latter is con- 
nected by means of another cork with a 
somewhat larger tube, a, containing frag- 
ments of dry chloride of calcium. The 
extremity h of this tube is drawn out so as 
to be capillary. The small tube c within 
the flask, sealed at one end, is intended to 
hold hydrochloric or sidphuric acid to decompose the car- 
bonate, and is of such length that it will not fall flat on the 
bottom of the flask, but rest against the side at an angle of 
about 45® with the bottom, so that oh inclining the flask, all 

F F 2 
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the acid contained in this tube can be made to flow out. The 
apparatus being ready, the weighed carbonate is introduced 
into the empty flask, with about half an ounce of water ; the 
small tube e, containing sufficient hydrochloric or sulphuric 
^ acid to decompose the carbonate, is then introduced, taking 
care that no acid comes in contact with the carbonate, and 
the flask is closed by the cork attached to the chloi^rde of 
calcium tube a. The whole apparatus is now weighed, after 
which the flask is inclined, in order that a little of the acid in 
the tube c may flow out and come in contact with the car- 
bonate, which is repeated until the latter is completely 
decomposed. As the evolved carbonii; acid gas is dried in its 
passage through the chloride of calcium tube r/, nothing else 
than this gas escapes, and the loss in weight of the ap])aratus 
at the close of the experiment is the weight of the carbonic 
acid required. But as the flask is then full of carbonic acid 
gas, which is considerably heavier than air, it should not be 
weighed in its present state. To get rid of the remaining 
carbonic acid, the flask is gently heated, so as to fill it with 
aqueous vapour, and thus drive out the gas, the steam itself 
not proceeding further than the chloride of calcium tube. On 
tlie condensation of the steam, air enters the flask, wliich, 
wheu cold, is in the same condition as to weight as it was 
when weighed before the decomposition of the carbonate, save 
only in the loss of carbonic acid. 

Tlie carbonic acid gas remaining in the flask at the close of 
the decomposition may be more easily removed l)y affixing to 
the cork of the flask another small tube open at both ends ; 
one end may reach nearly to the bottom of the flask, and the 
other an inch or so from the cork, so as to be conveniently 
closed by the finger during the decomposition, in order to 
prevent the passage of the gas through that tube. At the close 
of the decomposition the flask is very gently heated, merely 
to expel the carbonic acid dissolved in the acid solution ; 
another chloride of calcium tube is then attached by a cork 
to the end of the open tube ; and the carbonic acid having 
been first blown out through the tube by the niouth aj)plicd 
to the other chloride of calcium tube, fresh air is sucked in by 
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iifJjTlying the mouth to a perforated cork or small tube adapted 
to h. The flask is then in a fit state to be weighed. 

/ In the analysis of alkaline carbonates by this method, it is 
better to employ dilute sulphuric than hydrochloric acid, as 
a little hydrochloric acid gas might easily be carried away by 
the carbonic acid, or evaporated on heating the flask at the 
close^ipf the operation ; but for earthy carbonates whose sul- 
phates are insoluble, the employment of sulphuric acid is not 
aihnissible. Lime-stones and marls are analyzed very con- 
veniently by this process. 

Carbonates of oxides of the metals proper, which do not 
contain water, or any otlicr volatile constituent, excepting 
carbonic acid, may bci analyzed by simply heating a known 
weight of the substance to redness in a weighed platinum 
crucible. Tlie loss in weight experienced by heating is the 
amount of carbonic acid. 

(For the methods of estimating carbonic acid when con- 
tained in aqueous solution see “ Analysis of Mineral 
W^aters.”) 

ANA1.YSIS OF GUNTOWEEK. 

SeparaMon of carbon from sulphur and nitrate of potash , — 
The process of analyzing gunpowder consists, first, in the 
separation of nitrate of potash from carbon and sulphur, and, 
second, in the separation of carbon from sulphur. The gun- 
powder, when reduced to a fine powder and weighed, is 
boiled in about seven times its weight of water, to dissolve 
the nitre. The residue, which consists of carbon and sulphur, 
is collected on a weighed filter, washed with tepid water so 
long as any nitrate of potash is dissolved out, dried and 
weighed. The filtered solution of nitrate of potash is evapo- 
rated to dryness in a weighed platinum capsule in a water- 
bath, and the dry saline residue weighed. This residue 
gengrally contains a small quantity of chloride of sodium, to 
determine the quantity of which, the dry salt, after being 
weighed, is dissolved in water, and the amount of chlorine it 
contains is. estimated by precipitating and weighing as the 
chloride of silver. The amount of .chloride of sodium which 
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Corresponds to tlic weight of the chloride of silver is calculated, 
and deducted from the weight of the nitrate of potash pre- 
viously obtained. 

Various methods are practised to ascertain the relative 
proportions of carbon and sulphur. One consists in convert- 
^ing all the sulphur into sulphuric acid, which is weighed as 
sul|)hate of barytes. For this purpose, 1 part of tl^c dry 
mixture of carbon and sulphur is mixed, first with 4 parts (>f 
carbonate of potash (free from sulphate), and afterwards with 
8 parts of nitre, and 6 parts of cliloridc of sodium. When 
that mixture is heated strongly in a jdatinum crucible, 
the sulphur becomes sulphuric acid, which unites with 
potash. After being heated, the mass is dissolved in water, 
and the excess of alkaline carbonate is neutralized with 
hydrochloric acid : sulphuric acid is then precipitated in the 
form of sulphate of barytes, whieh is washed, dried, and 
Avcighed. The quantity of sulphur which corresponds to tlu‘ 
weight of the sulphate of barytes is calculated, and the carbon 
is estimated as loss. 

Another method of separating the 8u]j)hur and carlxm, 
advantageous from its allowing the weights of both tliesc 
elements to be taken directly, consists in dissolving out the 
suli)hur from the mixture by means of sulphite of potasli ; 
liyposulphite of potash is thus formed, and a residue of pure 
carbon remains, which is collected on a weighed filter, dried, 
and weighed. From the solution of hyposulpliite of potash 
all the sulphur may be precipitated by the addition of hydro- 
chloric acid : the precipitate is collected on a weighed filter, 
washed, dried, and weighed. (Pelouze.) 

Two other methods are also practised ; in the first of these 
carbon and sulphur are separated from each other by sub- 
liming the latter in an atmosphere of hydrogen, and weigliing 
the residue of carbon ; in the second, by heating the mixture 
in an atmosphere of chlorine, when the volatile cliloride of 
sulphur is formed. But neither of these methods possesses 
any advantage over those described, while their execution is 
more difficult. 



QUANTITATIVE ANALYSIS. 


439 


\Scj)aration of carbon from iron : analysis of cast-iron. — > 
The estimation of carbon contained in cast-iron may be 
e|tected by an operation similar to that of an organic analysis. 
(Rcgnault.) From 70 to 80 grains of the specimen is reduced 
to ])owder (either by jmlverizing in a mortar or by filing), 
and mixed with from 12 to 14 times its weight of chromatS 
of lead, previously fused and reduced to powder. About 
sT)ne third or one fourth of the mixture is set aside ; the 
relnainder is mixed with as much powdered chlonite of potash 
as the weight of cast-iron oj:»erated on, and this mixture is 
introduced into a tube of hard glass similar to that used in 
organic analysis, but much shorter. The remaining mixture 
of cast-iron and chromate of lead is now added, being jdaced 
above the mixture previously introduced, and the tube is 
connected with the potash apparatus employed in organic 
analysis. Heat is first applied to that part of the tube, 
the mixture in which contains no chlorate of potash, and is 
advanced gradually to the other end of the tube, the heat 
being increased very considerably at the close of the opera- 
tion, so as to fuse the chromate of lead. By this means, the 
whole carbon of the cast-iron is converted into carbonic acid, 
which is condensed by the solution of potash. It is unneces- 
sary to give the details of this jn’oeess here, as they arc all 
included in the account of the operation of organic analysis. 
A process by which the amount of sulphur in cast-iron may 
be determined is described at page 411. 


SECTION XI. 

WATER. 

Estimation of water as contained in hydrates. — The ordi- 
nary method of determining the amount of water contained 
in a substance consists in expelling the water by the appli- 
cation of heat, and estimating it by the loss in weight which 
the substance then experiences. The degree of heat requi- 
site varies ‘according to the facility with which the water is 
expelled, and also with the nature* of th^ hydrate under ex- 

F F 4 
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amination. Either a platinum or porcelain crucible may ^e 
employed in this operation. 

In general, this simple process gives a satisfactory resu\t, 
but a large number of bodies containing water exist, which 
can experience a change in weight on being heated, from cir- 
bumstances entirely unconnected with the presence of vf^ater. 
For such compounds, the process must be modified. If the 
hydrate to be analyzed j)ossesse8 the property of uniting witR 
oxygen at a high temperature, to obtain the water, the sub- 
stance is heated in an atmosphere of some gas which exerts 
no action on it, such as carbonic acid or hydrogen ; a current 
of which, previously dried by being passed through a chloride 
of calcium tube, is sustained during the whole operation. 
Such an apparatus as that figured at page 345. may be used ; 
and the water given off by the substance may be collected and 
weighed in a small chloride of calcium tube attached to the 
posterior extremity of the tube c. At the end of the pro- 
cess, and when the substance is cold, air is admitted into the 
tube, to bring it to the same state as when weighed before 
the experiment. The loss in weight indicates the amount of 
water. 

When the substance to be analyzed contains an ammo- 
niacal salt, that is expelled, together Avith the water, by 
ignition. The entire loss in Avcight being determined, the 
amount of ammonia contained in the substance must then be 
ascertained by a separate experiment ; the corresponding 
quantity of ammoniacal salt is calculated and deducted from 
the whole loss, to obtain the amount of water. 

In determining the proportion of water in thos(i salts 
which lose the whole or a portion of their acid at a high 
temperature, the substance should be intimately mixed with 
a known weight of a strong base which can retain the 
acid, forming a salt Avhich is not decomposed at the tem- 
perature at which water is given off. Protoxide of lead 
is the base generally employed for this purj)ose, of which 
oxide, from four to six times the weight of the substance may 
be taken. On applying heat, water alone is expelled, unless 
the compound contains an ammoniacal salt, when free ammonia 
is also given off. 
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sin a case where the hydrate to be analyzed is that of .an 
cyanic body, if the whole of the water is not removed by 
Ueating at a temperature lower than that at which the 
organic matter sulfcrs decomposition, recourse must be had 
to an ultimate organic analysis, provided the substance 
possesses a definite constitution. The whole of the wat^r 
is then obtained, condensed in the chloride of calcium tube 
* (see the account of the operation), but with it an additional 
q'fiantity proceeding from the combustion of the hydrogen of 
the organic substance ; the proportion of which in rela- 
tion to the carbon being known, the quantity of water it 
should produce is calculated and deducted from the whole 
amount obtained. The remainder is the quantity Avhich ex- 
isted in the substance as water. In the determination of 
combined water, care should be taken that the body is en- 
tirely free from hygrometric moisture, and if in a crystallized 
state, that it contains no water lodged mechanically between 
the plates of the crystals. If such is suspected, the crystals 
must be powdered and carefully dried by heating a few de- 
grees above the ordinary temperature. The proportion of 
hygrometric water contained in an organic substance, such as 
guano, may be determined by the loss in weight which occurs 
on exjiosurc to air, over oil of vitriol, as described at p. 299. 

As almost all hydrates of definite constitution evolve dif- 
ferent quantities of water at different elevations of temper- 
ature, it is advisable to commence by heating the substance 
gently, and to increase the temperature progressively, weigh- 
ing at each Increase. This is especially necessary in all accu- 
rate investigations of hydrates of salts or of organic liodics : 
after drying as much as possible in the open air, the substance 
may be kept in a confined portion of air, supported over a 
surface of oil of vitriol; then in vacuo, over oil of vitriol; 
afterwards it may be heated to 212° by a water-bath, or 
higher, if necessary, by means of a boiling saturated solution 
of some salt, such as chloride of sodium or nitre. 

The proportion of water contained in inorganic hydrates 
which do 'not part with their water by being heated is esti- 
mated as the loss, the weight of all the .other constituents of 
the substance being first determined. • 
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A NALYSIS OF MIN ERAL WATERS. 

(1.) Saline^ Chalybeate, and Carbonated, 

Although the qualitative analysis of a mineral water may 
exhibit the presence of some bodies of rare occurrence, suph 
as iodine, bromine, nitric acid, strontian, lithia, ammonia, &c., 
the quantities of these are, in general, so small as to render 
it worthless, except in special investigations, to attem])t to ' 
estimate their weight. The following directions for the 
quantitative analysis of mineral waters will not, therefore, 
be complicated with details of the modes of estimating such 
bodies (for which I refer to other parts of this work), but 
comprise the means of estimating those only which are of 
ordinary occurrence. In saline, chalybeate, and carbonated 
waters, the common constituents are : — litrie, oxide of iron, 
magnesia, soda, manganese, silica, sulphuric acid, chlorine, and 
carbonic acid. 

The operations to be performed in the estimation of the 
fixed constituents are : — 

1. Evaporation to dryness to ascertain the whole amount 
of saline matter. 

2. Estimation of the magnesia, lime, oxide of iron, oxide 
of manganese, and silica, contained in the portion of the 
residue of evaporation which is insoluble in water. 

3 Estimation of the lime, magnesia, and oxide of iron, 
contained in the portion of the residue of evaporation 
which is soluble in water. 

4. Estimation of the whole amount of lime, magnesia, 
oxide of iron, and silica. 

5. Estimation of the whole amount of sulphuric acid. 

6. Estimation of the whole amount of hydrochloric acid 
( chlorine). 

7. Estimation of the whole amount of chlorides. 

8. Estimation of the whole amount of chloride of sodium. 

1. To obtain the entire amount of saline matter contained 
in the water, a known quantity is evaporated to ‘dryness in 
a porcelain bason, or what is better, in a weighed platinum 
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cdpsulc. The eva])oration should be conducted below 212'" 
id prevent ebullition, and consequent loss from spirting ; but 
/vhen the residue is quite dry, the heat should be gradually 
iiuTcased to 280° or 300° Fahr. The weight of the dry 
residue aff'ords a check on the subsequent determinations, 
it i^ to be observed that some of the saline matters in tlfis 
residue maybe in a hydrated state, although long maintained 
*at a temperature of 300°; as earthy chlorides, for instance, 
wlien not united with an alkaline chloride as a double salt. 
I1‘ very strongly heated, the hydrated earthy chlorides are 
decomposed with disengagement of hydrochloric acid, while 
the base remains in a caustic state. 

During evaporation, carbonic acid gas may be disengaged, 
and a precipitate formed at the same time ; tlie latter may 
consist of carbonate of lime, carbonate of magnesia, and oxide 
ol* iron. These bodies were at first held in solution by the 
carbonic acid, and are consequently precipitated when the 
latter is expelled. On treating the dry residue of the cva])o- 
ration with water, tliis precipitate, togetlier with some silica, 
and perhaps oxide of manganese and alumina, remains undis- 
solved. The solution in water may also contain portions of 
lime, magnesia, and oxide of iron, but these portions did not 
originally exist in the water as carbonates. 

2. The second operation consists in the estimation of the 
lime, magnesia, oxide of iron, oxide of manganese, and silica 
contained in the precipitate formed on ebullition. The dry 
residue of evaporation is treated with water, and as much of 
the prccii)itate as can be easily removed is thrown on a filter 
and washed. What remains of the precipitate attached to 
the sides of the capsule, after being washed, is dissolved in 
hydrochloric acid, and the acid liquid passed through the 
filter to form a solution of the whole precipitate. The filtered 
liquid is evaporated to dryness in order to render any silica 
which may be present insoluble ; the residue is treated with 
dilute hydrochloric acid, and the solution passed through the 
same filter. The silica remaining on the filter is washed, 
ignited, and weighed. The analysis of the filtered acid solu- 
tion is conducted according to the following table : — 



Treat^iext of the Solution in Hydrochloric Acid of the Precipitate formed during 
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in muriatic acid and be tested 
for alumina. 
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y3. The estimation of the lime, magnesia, and iron epn- 
tmned in the soluble portion of the residue of evaporation is 
jierformcd in the manner indicated in the preceding table, 
pure ammonia being substituted for hydrosulphate of ammonia 
to i^recipitatc oxide of iron. 

*4.** The fourth operation is merely confirmatory of the laSt 
two, having for its object the determination of the entire 
'amounts of lime, magnesia, iron, manganese, and silica con- 
tained in the water. A little nitric acid is added to a known 
volume of the water, which is evaporated carefully to dryness. 
On treating the residue with very dilute nitric acid, silica 
remains undlssolved, which may be collected and weighed, 
and the solution is proceeded with according to the table. 

5. The fifth operation is to determine the whole amount 
of sul|)huric acid. Add a little hydrochloric acid to a known 
volume of the water, and estimate the sulphuric acid as sul- 
phate of barytes. 

6. To another portion of the water add an excess of nitric 
acid, and precipitate the chlorine by nitrate of silver. Weigh 
the chloride of silver, and calculate its amount of chlorine. 

7. To determine the whole amount of chlorides, boil a 
portion of the water, and filter from the precipitate produced 
thereby. To the filtered lupiid add muriate of ammonia, 
and evaporate to dryness by a water-bath, the evaporation 
being commenced in a porcelain bason and terminated in a 
weighed platinum capsule. When the saline residue is (piite 
dry, the lieat should be increased so as to bring it to a state 
of fusion, after which it may be weighed. The residue con- 
sists of a mixture of the chlorides with the sulphate con- 
tained in the water, the latter being either sulphate of soda 
or sulphate of lime. Having previously determined which of 
these sulphates exists by the qualitative analysis of the water, 
the amount of the sulphate is calculated from the quantity 

sulphuric acid before obtained. On deducting the weight 
of the sulphate from that of the saline residue the weight of 
the chlorides is determined. The addition of muriate of am- 
monia is ‘necessary to prevent decomposition of chloride of 
magnesium by ignition ; the hydrated chloride gives off* 
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hydrochloric acid, and leaves magnesia when heated to red- 
ness, but the double chloride of magnesium and ammoniiiih, 
which is formed when muriate of ammonia is brought into 
contact with chloride of magnesium, gives off muriate of 
ammonia, and leaves anhydrous chloride of magnesium, which 
undergoes no change by being heated. 

8. The amount of chloride of sodium is ascertained in the 
following manner: — A known weight of the water is con-* 
centrated by evaporation, and filtered from the precij)itated 
earthy carbonates. 

Barytes- water is added to the filtered solution. 

'Fhe precipitate contains magnesia^ The solution contains lime, ba- 
lime, and sulphate of barytes. rytes^ soda, and chloride of 
Filter. sodium. Add to it a solution 

of carbonate of ammonia ; boil 
the mixture well and filter. 


The precipitate contains carbonate The filtered solution affords, when 
of barytes anrl carbonate of evaporated to dryness and the 
lime. residue calcined, a mixture of 

chloride of sodium and carbonate 
of soda. Dissolve this residue 
in nitric acid, and estimate the 
chlorine as chloride of silver. 
From the weight of the chloride 
of silver that of the chloride of 
sodium is calculated. 

If the analysis is exact, the chlorine contained in the chlo- 
ride of sodium deducted from the whole amount of chlorine, 
should, in general, leave a quantity equivalent to the calcium 
and magnesium which remain in solution after boiling 

Estimation of the volatile constituents of saline waters, — 
The volatile constituents of saline waters are carbonic acid, 
and free oxygen and nitrogen. Carbonic acid is one of the 
most important ingredients of some kinds of mineral waters. 
It may exist either in the free state, or united with lime, 
magnesia, oxide of iron, or soda. Several methods of deter- 
mining the proportion of carbonic acid have lieen d€^ ised, the 
one most generally practised, but perhaps the least accurate 
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of .^hich, consists in boiling a known quantity of the water 
ill ri flask which has an exit tube terminating under an in- 
vorted graduated bell-jar of mercury. In this jar the gases 
evolved by ebullition are collected. Potash being introduced 
into the gas, the carbonic acid is absorbed, from which ab- 
soi*J)tion, the requisite corrections for pressure, temperature, 
and liumidity being attended to, the amount of carbonic acid 
• capable of expulsion from the water by boiling Is estimated. 
The precipitate formed during ebullition contains a certain 
amount of carbonic acid, which amount may be calculated 
after the composition of the precipitate is ascertained by 
analysis, and added to that collected as gas, to obtain the 
entire quantity. Instead of collecting the gas over mercury, 
the exit tube may be made to dip into a solution composed 
of a mixture of chloride of calcium and ammonia, when all 
the carbonic acid is precipitated in the form of carbonate of 
lime, which may be weighed. 

A simpler and more accurate method of determining the 
entire amount of carbonic acid in a mineral water is the fol- 
lowing: — A known quantity of the water, which need not 
be very considerable, fresh from the spring, is mixed with 
caustic ammonia. The alkali immediately combines with the 
free carbonic acid to form carbonate of ammonia ; at the same 
time, all the lime and a portion of the magnesia of the water 
are precipitated as carbonates, together with oxide of iron and 
a little silica. It rarely happens that the water contains a 
sufficient quantity of lime salts to unite with all the carbonic 
acid of the carbonate of ammonia, so that to obtain all the 
carbonic acid in the form of an insoluble carbonate, a solution 
of chloride of calcium should be added. After the liquid has 
been boiled to enable the precipitate to subside, it is filtered, 
with as little exposure to the air as possible, that no additional 
carbonate of lime may be formed through absorption of car- 
bonic acid from the atmosphere. While the precipitate is yet 
moist, the filter is folded and passed up into an inverted gra- 
duated jar, at the mercurial trough, the jar being filled with 
mercury. Dilute hydrochloric acid, previously saturated with 
carbonic acid by dissolving a fragment of chalk in it, is then 
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introduced into the jar by means of a bent pipette. Wl^n 
the acid comes into contact with the carbonates in the filter, 
the latter are decomposed, with evolution of carbonic acid 
gas, equal in quantity to the entire amount originally con- 
tained in the water operated on. According to this method, 
file capacity of the mercurial jar should be nearly double the 
volume of tlic water taken for analysis ; but as a single jar of 
sufficient capacity can rarely be procured, the same result is 
obtained without its use in the following manner: — IHie 
precipitated mixed carbonates arc collccti^d on a weighed 
filter, and when j)erfectly washed, are dried at 212° and 
weighed with the filter. The entire amount of the carbonates 
being thus known, small weighed portions are taken succes- 
sively and decomposed by hydrochloric acid in the above 
manner, but in a smaller mercurial jar. The mean quantity 
of carbonic acid afforded by five or six such cx 2 )eriments is 
taken, and the 2 )ro 2 )ortion calculated for the entire amount. 
By this means we obtain the absolute quantity of carbonic 
acid contained in the water, that is, both that which exists in 
a free state and that which exists in the earthy carbonates. 
To know how much is contained in each of these states, 
another portion of the water is taken, equal in bulk to tliat 
before operated on, and boiled for half an hour to precipitate 
the carbonates, which are collected on a filter. When this 
precipitate is decomposed by hydrochloric acid in the mercu- 
rial jar in the manner described, it affords the quantity of 
carbonic acid existing in the carbonates only, which, deducted 
from the entire amount previously obtained, of course leaves 
the proportion of carbonic acid existing in the free state. 

A much simpler means of determining the amount of car- 
bonic acid in the precipitated carbonates would be by the use 
of the little apparatus for the analysis of carbonates described 
page 435. 

Besides carbonic acid, all waters which are exposed to the 
atmosphere hold in solution free oxygen and nitrogen. To 
determine the proportions of these gases, the water is boiled 
in a flask, to the cork of which an exit tube is adapted, lead- 
ing into the mercurial trough, and terminating under an in- 
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vei’ted jar filled with mercury. In this jar the evolved gases 
a.ri collected. The flask and tube should be completely filled 
with the water for examination. When all the gas is cob 
looted in the jar, introduce into it, first, a stick of [)otash, to 
absorl) carbonic acid, and into tlie remaining air, or a portion 
of it; a stick of phosphorus. The latter, in a short tiin^, 
absorbs all the oxygen, leaving a residue of pure nitrogen. 

(2.) Alkaline Waters. 

As bicarbonate of potash rarely enters into the comj)osi- 
tion of a mineral water, if it is ascertained that an alkaline 
bicarbonate does exist, the base may generally be considered 
to be soda. When other solidde salts are present, the accu- 
rate estimation of the alkali requires operations of some diffi- 
culty. To obtain the alkali, first, a known bulk of the water, 
])rcviously well boiled, is slightly acidified by nitric acid, and 
its amount of chlorine determined as chloride of silver. 
Another portion of the boiled water, also a known quantity, 
is then mixed with some muriate of ammonia, and evaporated 
carefully to dryness, the evaporation being terminated in a 
])latinum capsule heated by a water-bath. During the boiling, 
the carbonate of soda contained in the water, and the muriate 
of ammonia added, suffer mutual decomposition, affording car- 
bonate of ammonia and chloride of sodium : instead of car- 
bonate of soda, therefore, the residue of the evaporation con- 
tains the equivalent quantity of chloride of sodium. After 
being brought to a state of perfect dryness in the water-bath, 
the residue is ignited at a red heat, dissolved in water, and 
the amount of chlorine contained in the solution estimated as 
chloride of silver. Now the excess in the amount of chlorine 
here obtained over that before determined as pre-existing in 
the water is the quantity of chlorine contained in the chloride 
of sgdium which was formed from the decomposition of the 
alkaline carbonate, from which, therefore, the amount of the 
latter can be obtained by calculation. 

The carbonic acid and other ingredients of alkaline waters 
are determined in the same manner as in saline waters. 
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K both potash and soda arc to be determined, one of the 
proccsscvs prescribed for the estimation of these alkalies ^at 
page 303. is followed. The most convenient is that in 
wliich the alkalies arc converted into neutral sulphates : the 
total weight of the mixed sulphates is first obtained, andafter- 

ards the proportion of sulphuric acid. 

(3.) Suljihureous Waters, 

In a sulphureous water the most important ingredient- is 
sulphur, wliich element may exist both in the state of free 
sulphuretted hydrogen, and as a soluble sulphuret. The 
jiroportion of sulphur may be obtained by the following 
process, first described by Wohler: — To a known quantity 
of the water is added a solution of nitrate of silver, with 
which a sufficient quantity of caustic ammonia has been 
previously mixed to prevent the precipitation of any chlo- 
ride of silver, the latter compound being soluble in ammonia. 
The precipitate which falls, consisting of a mixture of sul- 
jihurct of silver and eartliy carbonates, is collected on a 
weighed filter, and washed, first with ammonia, next with 
dilute acetic acid to decompose the carbonates, and, lastly, 
with pure water. The sulphuret of silver is dried at 212°, 
until it no longer loses weight, and from its amount that of 
the sulphur it contains is calculated. 

By this operation the whole amount of sulphur contained 
in the water is ascertained. To know how much exists as 
free sulphuretted hydrogen, and how much as a soluble sul- 
phuret, another operation is necessary. A known quantity 
of the water is boiled in an open vessel until the odour of 
sulphuretted hydrogen is no longer perceptible. After being 
boiled, the liquid is filtered, and the sulphur it now contains 
estimated in the same manner as before. By deducting the 
quantity thus obtained from the entire amount, that con- 
tained as sulphuretted hydrogen, which was expelled by 
ebullition, is ascertained. 

When free iodine is brought into contact with sulphuretted 
hydrogen, or a soluble sulphuret, the latter is decomposed, 
afibrding hydriodic, acid, or an iodide, with precipitation of 
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1Vq 9 sulphur. On this decomposition, M. Pasquicr l^as 
hi1c;ly founded an elegant method of ascertaining the presence 
and quantity of sulphur in a mineral water, by observing 
what amount of free iodine is taken up, or caused to enter 
into a state of combination, by a known quantity of the 
wafer. The process is as follows: — An alcoholic solution df 
iodine, conveniently diluted and of known strength, is carc- 
fnlly dropped from a graduated pipette into a known weight 
of the water, mixed with a little starch, until the mix- 
ture commences to assume a blue tint. So long as any sul- 
phuretted liydrogeii or soluble sulphuret is ])resent, it is 
decoin j)osed by the free iodine, which passes into a state of 
combination, so that the peculiar effect of iodine on starch 
(that of rendering it blue) is not exhibited until an excess 
has been added. From the quantity of iodine added, that 
of the sulphur which it represents may be calculated. 

Ingenious and elegant as this process is, it is ex])osed, in 
its ])rcsent form, to a source of error of too great importance 
to be overlooked. If, at first, alcohol does form, strictly, a 
solatfon of iodine, the latter is not very slow to react on the 
(‘lements of the alcohol, forming, among other products, 
liydriodic acid. There is, hence, a loss of free iodine, and 
the solution is no longer normal. If, however, instciid of 
alcohol, a solution of chloride of potassium or chloride of 
sodium is cinjdoyed to form the solution of iodine, the pro- 
cess might be made to afford results of great accuracy. 

The fixed constituents of suljihureous waters are deter- 
mined in the same manner as those of saline waters. 

DETKUMINATION OF THE DEGREE OF HARDNESS OF 
AVATERS. 

An operation of much more general a])i)lic5ation than the 
complete analysis of a mineral water is a simple and ready 
means of determining what is called the hanhiess of waters^ 
or in other words, the quantity of earthy bases present in 
solution ; for which, an excellent process, affording numerical 
results of considerable nicety, has been recently contrived by 

G G 2 
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Dr. Clark of Aberdeen. The process consists cssentialljjdn 
adding a normal solution of soap in proof spirit, from a gra- 
duated vessel, to a known quantity of the water, until a 
lather is produced on agitation. As the lather is formed 
only when the soap is in excess, and as that cannot be the 
c^lsc until all the earths are precipitated, tlie quantity’' of 
solution of soap necessary to produce the lather is exactly 
proportional to the quantity of earthy bases present, that is, 
to the hardness of the water. The following are the details 
of the jiroccss. 

For purposes of comparison. Dr. Clark employs “ standard 
solutions” of chloride of calcium in distilled water: these 
serve to prepare the solution of soap, called the “ soap test,” 
of known strength, and also to coinpjire or refer the degree 
of hardness of the water under examination. To jirej^are 
these standard solutions dissolve 16 grains of pure carljonate 
of lime in a small quantity of hydrochloric acid, carefully 
avoiding loss from ctfervesccncc ; evaporate the solution to 
dryness, redissolve the residue in water, and again evaporate, 
liepeat the solution and evaporation until a neutral solution 
is obtained. The quantity of chloride of* calcium thus ob- 
tained, affords, by being dissolved in a gallon of distilled 
water, what is named ^‘the standard solution of sixteen 
degrees of hardness,” from which all the other standard 
solutions arc prei)arcd. A mixture of 1 measure of this 
soluti(?u with 15 of distilled water constitutes the standard 
solutitui of one degree of hardness: 2 measures mixed with 
14 of water, and 3 measures mixed with 13 of water, form 
respectively, solutions of two and three degrees of liardiiess. 
In a similar manner, solutions are prepared uj) to sixteen 
degrees. 

The soap preferred, in the preparation of the soap test, is 
that known technically in London as Hawes’ white curd.” 
As that is not always constant in composition, it is necessary, 
in order to prepare a solution of known strength, to make a 
preliminary trial on a small scale, to ascertain approxima- 
tively what quantity of soap should be dissolved in the spirit. 
For this purpose a. small quantity of a solution is made in the 
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pr^ortion of one ounce avoidupois of soap to one galloi; of 
proof spirit, and the actual strength of this solution is deter- 
mined as follows: — ^‘Let 100 test measures” (a single test 
measure employed by Dr. Clark is the 
imperial gallon, that is, a measure equal to ten grains of 
waTer,) of the standard solution of sixteen degrees of hard- 
ness be put into a phial capable of holding twice this quantity. 
Into the water in this phial let the i)repared trial solution of 
soaj) be gradually poured from a measure graduated into test 
measures ; let the mixture be shaken after each addition of 
the solution of soap, and let the operation be e.ontinued in 
this manner until sueli time as a lather will be formed of a 
sufficient consistence to remain for five minutes all over the 
surface of the water, when the phial is phu'cd on its side. 
Tlic number of test measures thus required will be cither 32, 
or tnore or less tliau 32. If* the number prove to be 32, then 
more solution of soap may be made in the same ])ro])ortions 
as in the trial solution, and the solution so made will be the 
soa]) test.” If the number be more or less than 32, then ])ro- 
portlonally more or less of the soap must be employed in 
])reparing the soap test. “ l>ut in each case the soaj) test, 
after being prepared, should be carefully verified by a trial in 
the manner described, so as to ascertain whether 100 tc'st 
measures of the standard solution of sixteen degrees of hard- 
ness will afford a lather with exactly 32 measures of the soap 
test. If not, an adjustment must be made.”* 

The test solution thus prepared is applied in the same 
manner: it is gradually added to 100 test measures (1000 
grains) of the water, until, on agitation, a lather of sufficient 
consistence is formed to remain for five minutes when the 
phial is placed on its side. The water is said to correspond 
in dcOTCC of hardness with that standard solution which 

o 

requires the same number of test measures of soa}) solution 
as Hself. Thus, if 32 are required, it is said to be of sixteen 
degrees of hardness, 32 being the number reqiiircd by the 
standard solution of sixteen degrees. Hut if to form the 

* Specification by Professor Clark of a new mode of rendering certain waters 
less impure and liard, &c., pages 4. and 5. 

o c; .S 
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CHAPTEE VI. 

ORGANIC ANALYSIS. 

Most organic bodies contain only three elements, namely, 
carbon, hydrogen, and oxygen ; in addition to these, a com- 
paratively small number of* organic substances possess nitro- 
gen, while still fewer, only carbon and hydrogen, carbon 
and oxygen, or carbon and nitrogen. To determine the 
proportions of these elements is the object of organic analysis. 

(1.) Carhon is determined by conversion into carbonic 
acid, which is condensed in a weighed solution of 
caustic potash. 

(2.) Hydrogen is determined by conversion into water, 
whicli is collected and weighed in a chloride of calcium 
tube. 

(^h) Nitrogen is determined in two ways; either by 
collecting it in the free state as gas, or by converting 
it into avwionia, and forming the ammonio-chloridc 
of platinum. 

(4.") Oxygen is always determined as loss on the original 
weight of the substance. 

For the conversion of carbon into carbonic acid and of 
hydrogen into water, and to obtain nitrogen in a free state, 
the organic substance is subjected to a jirocess of combustion 
by oxygen. It may be burned in pure oxygen gas, as in 
Dr. Front’s process, but in the ordinary methods, the organic 
substance is mixed with some solid body capable of yielding 
oxygen to it on the application of heat. In the processes 
here described, the material emjdoyed for that purpose is 
either pure oxide of copper, oxide, of copper mixed with chlorate 
of potash, or pure chromate of lead. 

Whichever of these three is used, as the hydrogen of the 
organic substance is. to be ‘weighed in the fonn of water, ob- 
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viously every pains must be taken to insure the absence of 
all hygromctric moisture before the weight of the substance 
is taken, that no water but what is actually produced in the 
combustion may be collected and weighed. One way of 
drying the substance is by means of an ordinary water-bath, 
the Substance being contained in a shallow bason placed oi’^r 
a deeper one containing boiling water, or a saline solution, if 
tlic temperature of 212'" is insufficient. Instead of an open 
bason, the substance may be placed in a U-shaped tube, one 
extremity of which is connected with a small chloride of 
calcium tube, and the other with a suction bottle similar to a 
{fig* 40., page 434.), by means of which air is slowly drawn 
through the tube, the air being previously rendered perfectly 
dry by passing through the tube containing chloride of calcium 
at the opposite extremity of the bent tube. This is a very 
convenient apparatus to use when it is required to determine 
the quantity of water lost by the substance at the tempera- 
ture of the bath, in which case another chloride of calcium 
tube is attached, to collect the water given off^ being placed 
between the bent tube and the suction bottle. 

As the suction bottle referred to might be difficult to 
procure, an efficient substitute for it may be made out of an 
ordinary single-mouthed bottle, of sufficient dimensions, as 
follows ; — Three perforations arc made through the cork of 
the bottle, in one of which terminates a small tube, in con- 
nection Avith the U-shaped tube containing the substance to 
be dri(jd. Througli another perforation, a syphon tube is 
passed, reaching to the bottom of the bottle, the longest 
limb of the syphon being outside of the bottle. The use of 
the third opening is to renew the supply of water in the 
bottle without taking out the cork, and is furnished with an 
air-tight plug. Water being introduced into the bottle, and 
the syphon completely filled, the water in the bottle is with- 
drawn, air entering through the U-shaped tube at the same 
time to supply the place of the water. 

To ascertain if the substance is dry, a small portion is 
heated in' a narrow test tube to the highest temperature 
which the body will support without decomposition : if a 
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mere trace of water is present, it is discoverable byvthc 
moisture which condenses on the side of the tube. 

When perfectly dry, a portion of the substance is weighed 
out for analysis : in general, from seven to nine grains may 
be taken. While being weighed, it is most conveniently 
contained in a glass tube sealed at one end, about two inches 
in lengtli, and from one fourth to one third of an inch in 
diameter. 

The various steps in the combustion of a pulverizablc £Cnd 
non-volatilc substance by oxide of copper are as follow : — 

Preparation of the oxide of copper, — The oxide is best 
prepared from the nitrate by calcination in an earthenware 
crucible at a dull red heat until ruddy fumes are no longer 
evolved, and no green particles are perceived mixed with 
the black oxide. The nitrate itself is made by the action of 
nitric acid on perfectly clean pieces of sheet copper. During 
calcination the mass should be stirred with an iron or a 
coi)per rod. 

Apparatu9>, — The apparatus employed in the combustion 
is exhibited in the annexed cut : a is the combustion tuhe^ in 



which is contained the mixture of oxide of copper with the 
organic substance to be analyzed. The best combustion 
tubes are those made of hard Bohemian potash glass. 
In general, the tube should be about fourteen or fifteen 
inches long, and about four tenths of an inch in diameter : 
one extremity is drawn out to a point and sealed as shown 
in the figure, and the other is open and fused so as to receive 
a cork without danger of splitting. The tube should be 
cleaned by washing with water, and then dried perfectly by 
heating and sucking air out at the same time by a long 
narrow tube introduced to the end of the combustion tube. 
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Hy^ncans of a perforated cork, the combustion tube is con- 
nected with the tube 5, filled with chloride of calcium which 
lias been strongly dried but not fused. Large fragments of 
that salt arc placed in the bulb, and coarse powder in tlie 
tube : at each end a little cotton wool is placed to prevent 
any 6T the chloride of calcium from falling out. The use t)f 
this tube is to retain all the water produced in the com- 
' bustion. Connected with the chloride of calcium tube by 
means of a caoutchouc joint is the potash apparatus c, the 
use of which is to absorb the carbonic acid. It consists of a 
tube on which five bulbs are blown, three at the bottom, tlie 
middle of which is the largest, and one on each of the sides ; 
of the side bulbs one must be larger than the middle of the 
three liottom lnil])S.'*^ The extremity of this apparatus in 
connection with the large bulb is attached to the chloride of 
calcium tube. The apparatus is filled with the solution of pot- 
ash l)y sucking with the mouth at one end, while the other end 
dips into a wine glass containing the liquid. It is filled in 
such a manner, that each of the three lower bulbs contains a 
small bubble of air, none of the liquid being contained in the 
upper bulbs. The alkaline solution is of proper strength 
when it possesses a specific gravity between 1’25 and 1*27. 

The combustion tube is heated in a furnace {Jj(j. 43.) 



made of sheet iron, from 22 to 24 inches long, 3 inches high, 
4^- inches wide at top, and 3 inches wide at bottom. One 
end of the furnace is open a, the other end has a front in 
Avhich is a round aperture h to admit the combustion tube* 
Across the bottom arc apertures or slits, serving to form a 
grate ; they are about half an inch distant from each other 

• Tins, with all the other a])paratus employed in organic analysis, may he 
procured of Messrs. R. Griffin and Co., of GlUsgow. 
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and each aperture is one inch and a half long, and a quarter 
of an inch wide. At every second aperture, a support is 
placed for the combustion tube made of stout slicet iron. 

One of these supports is represented in Jig. 44. 
// To confine the fire to particular portions of the 
tube, two screens c and d {Jig. 43.) are employed. 


/V^f. 4.1. 

„n., 


made 


of sheet iron ; a figure of one of these is annexed. 




{Jig. 45.) The furnace rests on a paving stone or a 
cou])le of flat bricks, the front projecting a little so 
that the first slit is open, but all the others closed. 
One end of the furnace is raised a little, as shown 
in fig. 42., so that the water whi(di condenses in the 
anterior part of the chloride of calcium tul)C may flow into 
tlie bulb. 

Manipulatiom. — The whole of the apparatus being com- 
plete, and the weights of the potash a])i)aratus and eddoride 
of calcium tube taken, the operator may proceed to mix the 
substance to be analyzed with oxide of copper. Immediately 
before being used, tlie oxide of copper is heated to dull red- 
ness in an earthen crucible, and when cooled down to about 
300° or 400°, enough is introduced into the combustion tube 
to fill tlie latter a little more than one half. The object of* 
Introducing the oxide is to have a measure of the quantity 
necessary to mix with the substance. The mixture is best 
made in an unglazed Wedgwood mortar made warm by 
placing it on the sand bath, and rinsed out with a little clean 
oxide of copper from the crucible. The mortar should be 
placed on a sheet of highly glazed paper to retain any particles 
of the mixture which may be projected from the mortar. The 
substance to be analyzed is transferred from the tube in which 
it is weighed to the mortar; and the tube, with the adhering 
particles of the substance, is immediately placjcd on the jian 
of the balance or some place of security to be weighed at a 
convenient opportunity. The oxide of copper in the com- 
bustion tube is now poured gradually Into the mortar, leaving 
about half an inch at the extremity of the tube ; the oxide is 
mixed gently but perfectly with the substance, and the 
mixture is introduced into the tube. The mortar is then 
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rinsed out two or three times with oxide of copper from the 
crucible, and the rinsings arc introduced into the tube, being 
placed above the mixture; above the rinsings is sufficient 
pure oxide of copper placed to reach within one inch of the 
c)pcn end of the tube. In Ji(j. 46. a represents pure oxide, 

4t;. 

__J? ■ I '\_a 

(cz I 



h the mixture, r the rinsings of the mortar, and d pure oxide. 

The tube is now closed by a cork, which (together with 
the perforated cork to receive the chloride of calcium tube) 
lias been dried by heating in a bason on the sand bath lor 
some hours, and the tube is gently tajiped on a table, being 
held in a horizontal position, so that a clear space is seen 
abovci the oxide throughout the whole length of the tube. 
While the mixture is being made, both the oxide of copper 
and the substance absorb a quantity of water from the air, 
amounting to as much as 0*3 grain (equivalent to 0*5 per 
cent, of hydrogen), to get rid of which the mixture is dried in 
vacuo at a somewhat elevated temperature. The apparatus 
figured in the annexed cut is employed for that purpose. 
The combustion tube a is connected with an exhausting 



syringe h, a long chloride of calcium tul)C c intervening: the 
coipbustion tube itself is placed in a wooden trough rf, and 
surrounded with sand of a temperature about 250° Fahr. 
(hi exhausting the air of the apparatus by the syringe, 
moisture is withdrawn from the combustion tube : air, dried 
by passing through the chloride .of calcium tube c, is re- 
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admitted by opening the stop-cock e, and again withdrt^vvn. 
The exhaustion and admission of* air having been repeated 
ten or a dozen times the combustion tube may be connected 
with the potash apparatus and chloride of calcium tube, 
arranged as in Jig. 42. To ascertain whether all the con- 
iHjctions are air-tight, the liquid in the potash bulbs is-inade 
stand higher in one side than in the other, which 
may be effected by sucking out a few bubbles of air 
from the apparatus by the suction tube Jig. 48., after 
which, the potash ley rises to supply the place of the 
air withdrawn. If the connections arc imperfect, 
the liquid will return to the same level in both 
limbs, but not otherwise. 

The apparatus being proved air-tight, the portion d 
{Jig. 46.) of the tube which contains pure oxide of copper is 
now surrounded with red-hot charcoal, the heat being j)i*e- 
vented from spreading by the screen, Jg. 45. AVhen that 
part Is heated to redness, the screen is gradually advanced to 
the 2 :)osterior end of the tube, moving from one half of an 
inch to one inch at a time, according to the raj)idity of tlie 
evolution of gas, as jicrcelved in the potash apparatus. As 
the screen Is advanced, each portion of the tube must be 
(juickly raised to a red heat, the anterior j)ortion being all 
along maintained at tlic same temperature. During the 
whole combustion, particular attention must 1)C i)aid to the 
tcm 2 )errtture of the fore-end of the tube. It should be high 
cnougi. to prevent the condensation of the smallest (]uaiitity 
of water within it, but not so high as to endanger tlitJ 
charring of the cork. The j)otash a 2 )paratus should not bti 
exactly upright, but inclined a little by jdacing a cork under 
the side farthest from the tube, as shown in Jig. 42. 

At the end of the combustion, when the whole Icngtli of 
the tube is heated, the heat is increased by raising one side 
of the furnace a little to admit air through all the slits, and 
also by fanning from above with a 2 >iecc of pasteboard. 
When the evolution of gas ceases or becomes very slow, the 

* At this period of the operation a convenient opportunity olFcrs for weighing 
the tube in which the substance was weighed. 
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potash apparatus is restored to its horizontal position, and 
the ley is allowed to rise in the bulb next the chloride of 
calcium tube (by absorbing the carbonic acid gas), until it 
reaches such a height that air can enter through the three 
lower bulbs. The charcoal is then removed from the sealed 
end of the combustion tube, the point of which is divided 
by a small pair of pliers. Air then enters the apparatus, 

" from the potash ley falling to the same level in both sides of 
the. apparatus, provided there is no stoppage in the combustion 
tube. The suction tube 48.) is now adapted to the end 
of the potash apparatus, and a volume of air equal to about 
twice the capacity of the entire apparatus is slowly sucked 
through it. The current of air carries forward all the watery 
vapour and carbonic acid remaining in the apparatus, which 
are absorbed by the chloride of calcium and the potash. The 
potash apparatus and tlie chloride of calcium tube may now 
be disconnected and weighed to ascertain the increase in 
weight each has sustained. 

Comhustion of volatile organic substances by oxide of copper, 
— The combustion of a volatile substance must obviously be 
conducted in a manner somewhat different from the preceding. 
If the substance is solid at common temperatures, and fusible, 
such as naphthaline or benzoic acid, it is fused and weighed 
in a tube of the size and shape repre- 
sented in Jig, 49., and both tube and 
substance are introduced into the com- 
bustion tube, being placed about one incli 
and a half from the closed end of the latter. If the substance 


T'tR. 49 . 



is liquid at common temperatures, it is weighed in one, two, 
or three small glass bulbs, one of which is shown of the j^roper 



size in^^. 50. To fill the 
bulb, it is heated so as to 
expel a portion of the air 


within, and while hot, the open end of the neck is dipped 


under the surface of the liquid to be introduced. When a 


little of the li(juid has entered through the contraction of the 


heated air,, the bulb is again gently heated, on which more 
air is expelled ; and on dipping the open end again into the 
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Iiq^uid, an additional quantity of the latter enters. Each l;)ulb 
should be about three fourths full. The liquid being intro- 
duced, the point is sealed, and the weight of the bulb and 
liquid taken; the weight of the empty bulb (previously 
ascertained) deducted from its present weight gives that of 
the liquid introduced. 

Before being used, the oxide of copper is heated to red- 
Fig. 51 . ^css in an earthen crucible, and transferred while hot • 
r] to a bulb and tube, or flask 51.) in which it 

is allowed to cool, the vessel being carefully closed 
with a well-dried cork. When the oxide is quite cold, 
the flask is uncorked, its mouth is applied to the open 
end of the combustion tube, and one inch or one iiuJi 
J Y and a half of oxide is shaken in. If the substance 
( I for analysis is a solid, the small tube containing it is 

— ' now dropped in, with its sealed end undermost, and 

the combustion tube is filled with oxide of copper to about 
one inch of its cxti'cmity. If the substance is a li([uid, the 
bulb in which it is contained is scratched by a file at the 
/'Vv. .' 52 . middle of its neck, which is broken across 

f when introduced into the combustion tube, as 
represented in Jiff, 52., both l)ulb and neck 
being allowed to slide down the tube. If two 

bulbs are used, the first is placed al)Out one 

inch from the closed end of the combustion 
tube, and the other two or three inches farther 
up. The oxide of copper having been intro- 
diiced, the chloride ol* calcium tube and the ])otash apparatus 
arc connected with the combustion tube in the usual manner, 
(page 458.) 

When the oxide of copper in the anterior portion of the 
tube is brought to a red heat, a piece of glowing charcoal is 
held near the bulb containing the liquid, to expel a portion 
of the latter and convert it into vapour. The heat apjdied 
to the bulb is gradually increased during the whole com- 
bustion; but this must be done with great caution to pre- 
vent a sudden rush of vapour, wliicli would in all })robability 
render the analysis worthless. It is advisable to keep a few 
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pieces of red-hot charcoal near the closed point of the com- 
bustion tube, that none of the liquid may distil and be 
condensed there. At the termination of the combustion, a 
current of air is sucked through the apparatus, in the same 
manner as in the combustion of fixed substances. 

Combustion by means of a mixture of oxide of copper with 
chlorate of potash. — According to M. Dumas, the carbon of 
an organic substance is never completely burned by oxide of 
copper alone, partly owing, he supposes, to the formation of 
a small quantity of carburet of copper with the reduced 
metal, and to the deposition here and there of particles of 
carbon which are not burned by the current of air sucked 
through at the end of the operation. By introducing into 
the closed end of the tube about two inches of a mixture 
consisting of one part of chlorate of potash with eight parts 
of oxide of copper, this source of error may be prevented to 
a great extent. Pure oxygen thus comes to be disengaged at 
the end, in which the carbon burns f)crfcctly. 

In this operation, as well as when a substance which con- 
tjiins a considerable proportion of nitrogen is analyzed by the 
ordinary method, the gas which passes through the potash 
apparatus becomes there saturated with moisture, which it 
carries away, and thus causes a deficiency in the amount of 
carbon. To avoid this error, a small tube, open at both ends, 
containing fragments of sticks of potash, is annexed to the 
farther extremity of the potash apparatus. The potash in 
that tube assumes all the water taken up by the gas, together 
with any trace of carbonic acid which might possibly escape 
the potash ley. This tube and the potash apparatus are 
weighed together both before and after the combustion. 

Combustion by meam of chromate of lead. — From the com- 
pleteness with which organic bodies are burned by means of 
chromate of lead, that material, there is reason to believe, 
will eupersede the use of oxide of copper to a great extent. 
It Is obtained by precipitating the acetate or nitrate of lead 
by bichromate of potash, and washing the precipitate care- 
fully with distilled water. When dry, the chromate must be 

II II 
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strongly calcined till it begins to melt, and be afterwards 
reduced to a very fine powder. 

One great superiority which chromate of lead possesses 
over oxide of copper, is in the absence of all hygrometric 
property ; and the trace of water absorbed by the substance, 
while being mixed with the chromate, is very easily removed 
by the exhaustion. 

When chromate of lead is employed, the combustion tube' 
need not be longer than eight inches. A moderate heat is 
sufficient until towards the end of the process, but the heat 
should then be increased considerably, so as to fuse the 
chromate, and thus evolve pure oxygen. The increased heat 
renders it necessary to protect the tube by wrapping around 
it a thin sheet of copper, kept in its place by a few rings of 
iron wire. A small tube, containing fragments of sticks of 
potash, should be annexed to the potash apparatus, to retain 
the moisture carried away by the gas as the latter passes 
through the ley. 

DETEHMINATION OF NITROGEN. 

The nitrogen contained in organic bodies may be estimated 
in three different ways : first, by collecting the whole amount 
in the free state and measuring its volume; second, by 
determining the relation which exists between the nitrogen 
and carbonic acid gases produced by the combustion, having 
made a previous estimation of the carbon ; and third, by con- 
verting the whole nitrogen into ammonia, which is weighed 
as the ammonio-chloride of platinum, or that compound is 
converted into metallic platinum, which is weighed. 

It is unnecessary to state more than the outlines of tluj 
first two of these processes, as they are now likely to be 
superseded by the third. 

1. When the whole nitrogen is collected in the free state, 
a combustion tube about twenty-four inches in length is used, 
five or six inches of which from the closed end are filled with 
carbonate of copper; above this are placed two inches of 
pure oxide of copper ; next, about six inches of the mixture 
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of the substance with oxide of copper ; then another layer 
of oxide, of which three inches may be the rinsings of the 
mortar, and three inches pure oxide; and lastly, about five 
inches of metallic copper, procured by reducing the oxide by 
hydrogen gas. The object of introducing the metallic copper 
is to decompose any compound of nitrogen and oxygen whidh 
may be produced during the combustion. To get rid of the 
air in the tube, the latter is alternately exhausted of its air 
by an air-pump, and filled with carbonic acid by applying 
heat to one half of the carbonate of copper. These operations 
are continued until all the air is withdrawn, and the tube is 
filled with pure carbonic acid gas, which is ascertained by 
collecting a little of the gas at the mercurial trough in a jar 
which contains a solution of caustic potash : if the absorption 
of the gas by the alkali is complete, all the air has been with- 
drawn. 

The metallic copper and oxide in the anterior portion are 
first heated, and afterwards the mixture, the evolved gases 
being collected in a graduated mercurial jar half full of a 
strong solution of caustic potash. When the substance is 
completely burned, the remaining half of the carbonate of 
copper is heated to evolve carbonic acid gas, and thus drive 
all the nitrogen which remains in the tube forward into the 
receiver. The volume of the gas not absorbed by the potash, 
which is pure nitrogen, is then observed, and its weight cal- 
culated, the necessary corrections being made for tcmjjerature 
and pressure. 

2. In the second method adverted to, the nitrogen is deter- 
mined by observing the relation which exists between the 
carbonic acid and nitrogen gases produced by the combustion. 
This method is applicable to those compounds only In which 
the nitrogen is contained in a larger proportion than one 
equivalent to nine equivalents of carbon. Commonly, the 
evolved gas is collected at diflferent stj^ges of the combustion 
in several small graduated tubes, but it is more convenient 
and accurate to collect the whole gas in a single jar, which 
may be done in the following manner : — The first four inches 
of a combustion tube, twenty inches in length, is filled with 

IJ H 2 
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a mixture of oxide of copper with one half of the substance 
to be analyzed, of which about seven grains in all may be 


Jufi.hZ. 


used. Next to this is placed three inches of pure oxide of 
copper h ; then five inches of the mixture of oxide of copper 
with the remainder of the substance c ; again, three inches of 
pure oxide d ; and lastly, four inches of metallic copper 
obtained by reduction from the oxide by hydrogen. Heat is 
first applied to the metallic copper and the adjoining oxide, 
and afterwards to the oxide in h. When these portions arc 
heated to redness, heat is applied to the mixture in a, begin- 
ning at the closed end, and proceeding gradually upwards 
until the portion of the substance there is completely burned, 
the gases which are formed being allowed to escape. By this 
means, all the air of the tube is expelled. The mixture in c 
is then heated by portions of half an inch at a time, com- 
mencing at the part nearest the closed end of the tube, all the 
gases which are produced being collected in a graduated jar 
at the mercurial trough. When the combustion is terminated, 
the volume of the mixed gases collected is observed ; a strong 
solution of caustic potash is introduced into the jar, by means 
of a bent pipette, to absorb carbonic acid, and the volume of 
the residuary nitrogen is noticed. The atoms of nitrogen and 
carbon in the substance analyzed are in the same relation to 
each other as the volumes of the nitrogen and carbonic acid 
gases ; hence, having determined the weight of the carbon by 
a previous experiment, the weight of the nitrogen may be 
obtained by calculation. 

3. Tlic third method, that in which the nitrogen is esti- 
mated by converting it into ammonia, is applicable to all 
azotized organic substances, excepting those in which the 
nitrogen exists in the form of nitric acid. The material 
employed is either a mixture of one part of hydrate of soda 
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nncVtwo of lime, or one part of hydrate of potash and three 
of lime : the former mixture is preferable, not being so hy- 
grometric as the latter. The mixture is conveniently pre- 
pared by adding the proper quantity of lime to a concentrated 
solution of the alkjili, the strength of which has been ascer- 
tained by an alkaliiiietrical experiment, and evaporating the 
mixture to dryness ; or it may be made by mixing the two 
materials in powder intimately in a warm mortar. To have 
a measure of the quantity of alkaline mixture necessary, it is 
introduced into the combustion tube, so as to fill the latter 
to about three or four inches of its open end ; the mixture 
with the weighed substance is then made in a warm and dry 
])orcelain mortar, and introduced into the tube. From five 
to eight grains of the substance may be operated on. The 
mortar is rinsed out with an additional quantity of the mix- 
ture of alkali and lime, and the rinsings are added to the 
mixture in the tube, placing above the whole (when the 
[)otash mixture is used) a little asbestos, to prevent the pro- 
jection of any particles of the alkali. If the substance is a 
volatile liquid, it may be contained in small bulbs similar to 
those employed in the combustion of such bodies by oxide 
of copper, (page 463.) Attached to the combustion tube, 
Pig.M. ^ by a perforated cork, is a 

// three-bulbed apparatus, re- 
} ^ /" \ presented in Jig, 54,, of the 

a ® scale of a quarter of an inch 

jw inch, and which is 

filled up to a with pure hy- 
drochloric acid, of specific gravity F130. To ascertain whe- 
tlier the connection of this apparatus with the combustion 
tube is air-tight, the heat of the hand is applied to the bulb 
next the tube ; if the liquid rises in the opposite bulb, and 
does not return to its former level so long as the heat of the 
hand is applied, the connection is perfect. Heat is then 
applied to successive portions of the tube, commencing at the 
anterior extremity. When the whole length of the tube has 
been heated, and the combustion seems to be complete (indi- 
cated by the whitening of the mixture, \v‘hich is blackened at 

H H 3 
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first), air is sucked through the apparatus, as in the ordifiary 
combustion by oxide of copper ; the hydrochloric acid in the 
bulbs is j)Ourcd out into a porcelain bason ; and the bulbs are 
washed, first with a little water, then with a mixture of 
alcohol and ether, and lastly, with pure water. From one 
ounce to one ounce and a half of liquid may be used for that 
purpose. To the mixture of hydrochloric acid with the wash- 
ings of the bulbs, a solution of pure chloride of platinum is 
added in slight excess, and the whole is evaporated to dryness. 
The dry residue of evaj)oration is treated with a mixture of 
two volumes of strong alcohol and one volume of ether: if 
this affords a yellow solution, an excess of chloride of platinum 
has been added, and the ammonio-chloride of platinum may 
be collected on a weighed filter, dried and weighed. To 
control the weighing, the ammonio-chloride is calcined, in 
order to convewt it into metallic platinum, which is also 
weighed: 177 parts of nitrogen are indicated by 2,788 parts 
of the ammonio-chloride, and by 1,233 of metallic platinum. 

To ensure tlic absence of any ammonio-chloride of plati- 
num in the chloride emj)loyed in the operation, the solution 
of the chloride should be evaporated to dryness, and the 
residue redissolvcd in a mixture of alcohol and ether. 
MM. Will and Varrentrapp, to whom we are indebted for 
this valuable process, state that substances containing cyano- 
gen evolve all their nitrogen as ammonia in this operation, 
and that it is inapplicable to those bodies only the nitrogen 
of which exists in the form of nitric acid. 
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1. Note on the Purification of Hydbochloric Acid. (p. 19.) 

Hydrochloric acid is very rarely met with in commerce free from 
arsenic, the presence of which impurity considerably interferes 
with the applications of this acid in analysis. According to 
M. Buchner, the arseniferous hydrochloric acid may be rendered 
completely free from arsenic by digestion, with the aid of heat, 
with copper filings, and distillation. 

2. Process for the complete Analysis of Crude Potashes. 

A complete analysis of a sample of crude potashes is often re- 
quisite for the exact commercial valuation of that article : the 
mere estimation of the alkali by an alkalimetric process is insuffi- 
cient, in consequence of the occasional presence of caustic soda 
and carbonate of soda. The ingredients whose amounts should be 
determined are the following : — 

Water, 

Carbonate of lime, 

Insoluble siliceous earth, 

Sulphate of potash, 

Chloride of potassium, 

Carbonate of soda, 

Silica, in combination with alkali, 

Caustic soda (as a hydrate). 

Carbonate of potash. 

1. The water is estimated in the usual way, by simply heating 
a weighed quantity to dull redness in a platinum crucible (covered 
so as to avoid the access of carbonic acid from the fire), and 
ascertaining the loss which the substance thereby experiences in 
weight. The one equivalent of water, in combination with the 
caustic alkali present, cannot be expelled Ijy ignition, but may be 
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determined by calculation, when the amount of caustic alkali pre- 
sent is estimated. 

2. The carbonate of lime and insoluble siliceous earth remain 
undissolved when the substance is digested in water, and may be 
collected on a filter and weighed. The carbonate of lime and 
siliceous eartli may be separated by acetic acid, which dissolves the 
former, and leaves the latter undissolved. 

3. The liquid filtered from the carbonate of lime and siliceous 
earth may be used for the estimation of the sulphate of potash and 
chloride of potassium. The solution is supersaturated with pure 
nitric acid, and divided into two equal parts by means of an alkali- 
meter ; pure chloride of barium is added to one portion, to pre- 
cipitate sulphate of barytes (see p. 405.) ; and to the other portion 
nitrate of silver is applied, to precipitate chloride of silver. (Sec 
p. 412.) The weights of the sulphate of potash and chloride of 
potassium required arc deduced by calculation from the weights of 
the sulphate of barytes and chloride of silver. 

4. The entire quantity of alkali existing as caustic alkali, 
alkaline carbonate, and alkaline silicate, is next estimated by the 
ordinary alkalimetric process, sulidiuric acid being the acid em- 
ployed for this purpose: the solution of the potashes must be 
filtered before being tested, (p. 305.) 

5. The object of the next operation is the detvrmmation of the 
presence and proportion of soda in the potashes. The neutral 
liquid obtained in the alkalimetric experiment is mixed with a 
little hydrochloric acid, evaporated to dryness, and the residue is 
calcined and carefully weighed. This residue consists of silica, the 
sulphate of potash, and chloride of potassium, originally present in 
the potashes, and sulphate of potash, with perhaps sulphate of 
soda, formed by the neutralization of the alkali with sulphuric acid. 
After being weighed, the mass is digested in water, and the silica 
which remains undissolved is collected and weighed. The united 
weights of the silica, and sulphate of potash, and chloride of 
potassium originally present, are deducted from the weight of the 
dry residue : the remainder is the weight of the alkaline sulphates 
formed by the neutralization with sulphuric acid. The relative 
proportions of sulphuric acid and the mixed bases being known, 
that of potash and soda in the base may be obtained by calculation, 
as described at p. 304. The sulphuric acid united with the mixed 
bases is of course the quantity applied by the alkalimeter in the 
fourth operation. 
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G. The only remaining operation is the estimation of the camtic 
alkaliy by means of chloride of barium and the alkalimcter, as 
described at p. 311. If both a caustic alkali and soda, in some 
form or other, are present, the caustic alkali is to be considered as 
soda ; caustic potash, however, may be present likewise, in which 
case the sample contains no carbonate of soda or other salt^o^ 
soda, as such compounds are decomposed, when in solution, by 
caustic potash, with formation of corresponding salts of potash and 
caustic soda. The caustic alkali is in combination with one equiva- 
lent of water. 

The conception of this course of analysis may be somewhat 
facilitated by the following illustration : — 

1. 50 grains of the crude potashes afforded 1*5 gr. of water, or 
3*0 per cent. 

2. 50 grains, when digested in water, left undissolved 1*25 gr. 
of carbonate of lime, with a trace of silica; or 2*5 per cent. 

3. The liquid filtered from the carbonate of lime afforded, in the 
third operation, 1*97 grains of sulphate of barytes, and 1*8 grains 
of chloride of silver. These amounts are equivalent to 1*5 grains 
of sulphate of potash (or 6*0 per cent.), and 0*95 gr. of chloride of 
potassium (or 3*8 jjcr cent.). 

4. 100 grains dissolved in water, and the solution filtered, 
required, for complete neutralization, 40 measures of the diluted 
sulphuric acid used in testing soda-ash : these 40 measures for 
soda arc equivalent to 60 measures for potash, and contain 51*1 
gr. of absolute sulphuric acid. 

5. The liquid obtained in the last operation left, on evaporation 
to perfect dryness, a residue which weighed 1 18*9 grains ; the silica 
of which amounted to 1*1 gr. When the silica and the chloride 
of potassium and sulphate of potash originally present arc deducted 
from this residue, there remain 108*0 grains, consisting of alka- 
line sulphates formed in the alkalimetric operation by the applica- 
tion of 51*1 gr. of real sulphuric acid; the mixed bases in the 
108*0 grains amount, therefore, to 56*9 grains. Now 1 part of 
soda unites with 1*277 parts of sulphuric acid, to form neutral 
sulphate of soda; and 1 part of potash unites with 0*846 of 
sulphuric acid, to form neutral sulphate of potash ; the difference 
between the two proportions of sulphuric acid is therefore 0*431 
to 1 of base. From these data the proportions of potash and soda 
in the 56*9 of mixed bases are thus calculated: 56*9x0*846 
=48*1 ; 48*1—51*1 (the sulphuric acid applied) =3*0 ; and 3*0-i- 
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0*431 =6’ 9, which is the amount of soda in the 56*9 of mixed 
bases, leaving 50*0 of potash. These amounts of potash and soda 
may be partly in the caustic state and partly as carbonate ; and 
considering the 1*1 gr. of silica to be combined with one equivalent 
of potash, 1*2 gr. of potash is as silicate. 

6. By the process for estimating the caustic alkali described at 
p. *311., an alkali is found to be present in the caustic state equiva- 
lent to 1*8 measures of the soda test acid per cent. ; and since the 
potashes is found to contain 6*9 of soda per cent., therefore the 
whole of the caustic alkali is soda, and 5*1 of soda is in the state 
of carbonate. The 1 *8 of caustic soda is combined with 0*5 of 
water (one equivalent). 

Of the 50*0 parts of potash in the state of carbonate and silicate, 
1*2 parts are to be considered as in combination with silica. There- 
fore 48*8 parts of potash exist as carbonate, being combined with 
22*7 parts of carbonic acid. 

The result of the analysis is therefore the following : 


Water expelled by ignition 

. 3*0 per cent. 

Carbonate of lime, with a 

trace of silica . 

. 2*5 


Chloride of potassium 

. 

. 3*8 


Sulphate of potash . 

. 

. 6*0 

>y 

Carbonate of potash . 

’ Potash . 
Carbonic acid 

. 48*8 
. 22*7 

» 

Carbonate of soda 

" Soda 

Carbonic acid 

. 5*1 
. 3*5 

» 

Caustic soda (hydrated) 

I* Soda 
^ Water . 

. 1*8 

. -5 

yy 

yy 

Silicate of potash 

r Potash . 

[ Silica 

. 1*2 

. 1*1 

yy 

yy 


100*0 


/ 3. Process for the Analysis of Ores of Manganese. 

The commercial value of ores of manganese, as a source of 
chlorine, is dependent not only on their proportion of peroxide of 
manganese, but likewise on that of other oxides which are usually 
present, and which consume a certain quantity of acid withbut 
eliminating chlorine. The smaller the proportion of these other 
oxides, of course the more valuable is the sample. An accurate 
valuation of an ore of manganese, therefore, must embrace the 
proportion of peroxide, together with the proportion of acid 
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required for working the ore, or, what amounts to the same thing, 
the respective quantities of the other oxides which consume acid 
without affording chlorine. 

The following mode of examining ores of manganese, with this 
view, will be found to afford results of sufficient precision for 
practical purposes. 

# 

1. The %oater in the sample is determined by heating 50 
grains in a porcelain capsule to a temperature somewhat 
above the boiling point of water, so long as the sample loses 
weight. 

2. The proportion of 'peroxide of manganese in the sample is 
estimated in the usual way by means of protosulpliatc of 
iron. (p. 332.) 

3. 25 or 50 grains of the sample are dissolved in hydrochloric 
acid, the solution is evaporated to dryness, and the residue 
is treated with diluted hydrochloric acid. The silica which 
remains undissolved is collected on a filter, washed, dried, 
and weighed. 

Wlien the united proportions per cent, of the silica, water, and 
peroxide of manganese are deducted from 100, the remainder is the 
per-centage of peroxide of iron and protoxide of manganese, with 
sometimes a small quantity of alumina. 

To estimate these bases, the solution filtered from the silica may 
be mixed with an excess of solution of caustic potash, warmed, and 
filtered from the precipitate of peroxide of iron and protoxide of 
manganese then produced: the alumina in the filtered liquid is 
precipitated by the addition of an excess of muriate of ammonia. 
(See p. 322.) After being washed, the precipitate of peroxide of 
iron and protoxide of manganese is dissolved in hydrochloric acid, 
the solution is neutralized with ammonia, and the peroxide of iron 
is precipitated by benzoate or succinate of ammonia. (See p. 336.) 
The protoxide of manganese in the ore may be estimated as loss ; 
or it may be determined directly, in the usual way (p. 330.), by 
operating on the liquid filtered from the precipitate of benzoate or 
succinate of iron, and deducting from the whole amount of pro- 
toxide of manganese, thus obtained, the quantity equivalent to the 
peroxide of manganese in the ore, as the peroxide is reduced to 
protoxide (or protochloride) when dissolved in hydrochloric acid. 

1 part of peroxide of manganese consumes 4 ’5 5 parts of muriatic 
acidof 36"^. Twad. (1*180); or, 2*27 parts of sulphuric acid of 169° 
Twad. (1*845), with 1*82 parts of salt. 
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1 part of protoxide of manganese consumes 2*76 parts of muriatic 
acid of 36° Twad. ; or 1*4 parts of sulphuric acid of 169° Twad., 
with the proportional quantity of salt. 

1 part of peroxide of iron consumes 3*80 parts of muriatic acid 
of 36° Twad. ; or 1*87 parts of sulphuric acid of 169° Twad., with 
the proportional quantity of salt. 

S. part of alumina consumes 4*38 parts of muriatic acid of 36° 
Twad. ; or 2*16 parts of sulphuric acid of 169° Twad., with the 
proportional quantity of salt. ^ 

4. Refraction of Nitre. 

The impurities with which commercial nitre is usually con- 
taminated, are water, chloride of sodium, alkaline sulphates, and 
occasionally a small quantity of insoluble earthy matter. The 
total amount of these impurities in 100 parts of a sample of nitre 
is technically termed the “ refraction ” of that sample. 

1. An ingenious, but, probably, not very accurate, method of re- 
fracting nitre, consists in digesting a known weight of the powdered 
sample in a cold saturated solution of nitre, which possesses tlie pro- 
pertyof dissolving chloride of sodium andalkaline sulphates, altliough 
it does not dissolve more nitre. After digestion for some time, the 
liquid is drained olf, and the undissolved crystals are dried, first, by 
pressure between folds of filtering paper, and afterwards by the 
application of a moderate heat. But as the quantity of nitre which 
water is capable of dissolving varies considerably witii the tem- 
perature, it is necessary to operate, at the same time, and in pre- 
cisely the same circumstances, upon the same weight of pure dry 
nit"e. The difference found at the end of the experiment between 
the two quantities represents the proportion of water and of foreign 
salts in the sample. The insoluble earthy matter is determined by 
another operation, by simply dissolving a known weiglit of the 
sample in'* water, filtering the liquid, and washing, drying, and 
weighing the insoluble matter on the filter. 

2. The most usual method of refracting nitre consists in deter- 
mining, 1°, the amount of water lost by exposure to a moderate 
heat ; 2°, the amount of insoluble matter ; 3°, the amount of 
chloride of silver precipitated by the application of nitrate of 
silver, from which the chloride of sodium is calculated ; and 4°, 
the amount of sulphate of barytes precipitated by the application 
of chloride of barium, from which the amount of sulphate of 
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potash (br sulphate of soda) is calculated. The loss is considered 
as pure nitre. 

5. Neither of these methods give precise results, the latter 
being imperfect from affording no means of determining how much 
of the base is soda. If, in addition to the operations of the second 
procesg, the nitric acid is estimated directly by distilling the nitrate 
with sulphuric acid, after addition of sulphate of silver and filter- 
ing (as described at p. 431.), then all the data necessary for calculat- 
ing the quantity of soda in the base are obtained. For an example 
of a calculation of this kind, see p. 304., and also p. 475. 

5. Valuation op Guano. 

Although the composition of guano is highly complicated, many 
samples of this substance containing not less than twenty distinct 
ingredients, yet the value of this article as a manure may be deter- 
mined with precision by a few simple and easily executed expe- 
riments. 

The valuable constituents of guano are alkaline and earthy 
phosphates, and nitrogen, in a form capable of elimination as 
ammonia. Some of the remaining constituents, namely, the alka- 
line sulphates and muriates, possess a very small value compared 
with the phosphates and ammonia ; while others, as water and sand, 
are altogether worthless. 

1. The estimation of the ammonia^ already formed as an 
ammoniacal salt,* together with that capable of being formed 
during the spontaneous decomposition of the azotized organic 
matter, is effected by the following process. A known weight of 
the sample (not more than twenty grains), is introduced into an or- 
dinary test-tube, of about five inches in length and three quarters 
of an inch in diameter. A few inches of sticks of potash are 
placed in the tube, which is immediately connected, by means of a 
sound perforated cork, with the apparatus figured at page 469., 
containing hydrochloric acid of about 1*1 sp. gr. The extremity 
of this apparatus attached to the test-tube is bent downwards a 
little, to allow of the inclination of the test-tube. The apparatus 
having been proved to be air-tight, heat is applied to the test-tube 

* The frea ammonia in guano is never more than a mere trace, scarcely 
appreciable by the balance. It is also a mistake to suppose that carbonate of 
ammonia is present in guano to any appreciable extent. The odour of free am- 
monia exhaled by guano seems to arise from the decomposition of the subphos- 
phate of ammonia. 
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by means of a spirit-lamp ; the heat should be rather moderate at 
first, to prevent a too rapid disengagement of gas ; but, towards the 
end of the operation, the tube is heated strongly, throughout its 
length, by two spirit-lamps with large flames. Care should always 
be observed to keep the tube hot enough in the higher part, to 
prevent the condensation of water, otherwise a drop might fall 
down the tube and give rise to a fracture, by coming in contact 
with a part strongly heated. When the disengagement of am- 
monia is nearly complete, the mass in the tube loses its semi-fluid 
appearance, and becomes solid ; and, usually, a gas passes through 
the hydrochloric acid without being absorbed. This gas, which is 
light carburetted hydrogen, may completely drive the ammoniacal 
gas from the tube into the hydrochloric acid, but it is always ad- 
visable to ensure the complete absorption of the ammonia by other 
means. The heat is continued for about five minutes after the mass 
has become solid, and then withdrawn ; the liquid in the bulbed tube 
is allowed to rise to a higher level in the bulb nearer the test-tube 
than in the other bulb ; and an opening is made at the closed ex- 
tremity of the test-tube, by allowing a drop of cold water to fall 
upon it while strongly heated ; air is immediately drawn through 
the apparatus by suction at the opposite extremity. 

For ordinary purposes, sufiiciently exact results are obtained by 
simply evaporating the acid solution of muriate of ammonia to per- 
fect dryness in a bason at a moderate heat, and weighing the dry 
residue of muriate of ammonia, 1 part of which represents 0*3 15 of 
ammonia. After being weighed, the muriate of ammonia may be 
sublimed, in order to separate any fixed matter which might acci- 
dentally be present, which is weighed and deducted from the 
muriate of ammonia. 

But the weight of the ammonia is determined with more ac- 
curacy by mixing the acid solution of muriate of ammonia with a 
slight excess of chloride of platinum, and proceeding further as 
directed at page 469. 

2. If the ammonia is estimated, the determination of the water 
is not essential to the valuation of a sample of guano. A conve- 
nient means of estimating this ingredient is by placing a known 
weight of the sample upon a piece of bibulous paper over a sur- 
face of oil of vitriol, the whole being covered with a bell-jar, and 
made air-tight at bottom. (See p. 299.) 

3. The estimation of the phosphate and sand may be made in 
the following manner. A known weight (say 50 grains) of the 
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sample is calcined in a porcelain or platinum crucible until the Qr- 
ganic matter is completely burned away (no black particles being 
j)crccptible in the residue), and the remaining ash is weighed. 
This ash consists of alkaline and earthy phosphates, sand, and, 
usually, common salt and alkaline sulphates. If the calcination is 
condiictj3d at rather a high temperature, a little of the common salt 
may Jiave been volatilized, but that need not affect the valuation of 
tlie sample. 

After being weighed, the ash is digested in water, whereby tlu^. 
alkaline salts arc removed, and the portion of the ash undissolved 
])y water is collected on a filter, washed, dried, and weighed. The 
loss in weight, produced by the washing, is the alkaline salts. The 
phosphoric acid contained in these alkaline salts may be precipi- 
tated from tfic aqueous solution by applying sulphate of magnesia 
Avith ammonia, and be weighed as phosphate of magnesia. (Sec 
])age 424.) 

To obtain the proportion of sand^ the ash, after being treated 
with water, dried, and again weighed, is digested in diluted hydro- 
chloric acid, which soon dissolves the phosphates of lime and mag- 
nesia entirely, and leaves the sand undissolvcd, which is collected 
on a filter, washed, dried, and weighed. The phosphoric acid in 
the acid solution is estimated by the process described at page 427. 
(l)y applying perchloride of iron, ammonia, hydrosulphate of am- 
monia, &c.). 

Some samples of guano, of recent importation, contain, in addi- 
tion to the ingredients above mentioned, a considerable quantity of 
gypsum (sulphate of lime). 

/ 6. Note on the Analysis of Soils. 

The complete analysis of a soil is, generally, about the most 
<*omplicated of all analytical operations. The course to be pursued 
ill the complete qualitative analysis of a soil is the same as pre- 
scribed in the third division of this work, on Systematic Qualita- 
tive Analysis ; separate examinations being made of the portions 
soluble in water and soluble only in acids. Attention should be 
especially directed to the presence of phosphoric acid, which should 
be sought both in the part soluble in water and in that soluble only 
in acids, flie means of detecting phosphoric acid are pointed out 
at ]»agc 127. The presence of silicic acid^ in a state soluble in 
water or dilute acids is also worthy of especial examination. 

Separate examinations should not onJy be made of the portions 
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varying from each other in their relation to solvents, but of the 
parts differing in their mechanical state. To separate the finer 
from the coarser constituents, the soil may be dried and passed 
through sieves of different degrees of fineness: or else, the se- 
pamtion may be effected by affusion of water, and decantation, 
after the grosser portions of the soil have subsided, but while the 
finer portions still remain in suspension ; this operation being re- 
peated as often as may be deemed necessary. When the latter 
mode is practised, of course the soil is first digested for some 
time in water, to remove all the matters soluble in that liquid, 
the aqueous solution being examined apart, both qualitatively and 
quantitatively. The analysis of this aqueous solution is much the 
same as that of a saline mineral water, (page 442.) 

The general character of a soil may often be determined by a 
few simple experiments, without the trouble of a complete quanti- 
tative analysis. Thus the presence or absence of carbonates is 
ascertained by observing whether effervescence is produced on the 
application of hydrochloric acid ; that of alkaline sulphates and chlo- 
rides, by observing whether or not the water which has been digested 
on the soil contains sulphuric acid or chlorine. A small quantity of 
sulphuric acid, however, may be present in the aqueous solution, in 
tlie form of sulphate of lime ; in which case oxalate of ammonia 
produces a precipitate of oxalate of hme. Phosphoric aedd should 
always be sought by the method described at p. 127. The presence 
of ammonia, or of nitrogen capable of producing ammonia, is de- 
tected by the odour of ammonia disengaged when the soil is heated 
with strong potash ley, or with moistened fragments of potash. 

A cursory quantitative analysis of a soil or manures conducted 
after the plan of the analysis of guano in the preceding note, often 
affords results of sufficient accuracy for all practical purposes. The 
quantity of earthy carbonates is determined by the process de- 
scribed at page 43d. 

7. Analysis op Ashes op Vegetables. 

The bases usually found in. ashes of plants are — potasli, soda, 
magnesia, Emej peroxide of iron, and occasionally^ oxide of man- 
ganese. The acids, or electro-negative bodies, assodated: with* these 
bases are— -phosphoric acid, sulphuric aeid, silidc acid, carbonic 
acid (derived from the decomposition, by heat, of organic acids); 
and chlopine, bromine, iodine, and fluorine. 

The following plan for the analysis of ashes of plants, is in most 
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respects the same as that recently proposed by Drs. Will and 
Freseniiis Memoirs and Prooeedingg of the Chemical Society,” 
Part. IX.). 

1 . Aslies which are entirely or for the most part soluble in hy- 
drochloric acid, may be treated in the following manner. Fifty or 

grains of the ash are digested in hydrochloric acid, the liquid 
is evaporated to dryness, and the residue is rather sharply heated, 
.so as to render the deposited silica insoluble, (page 400.) 

The dry residue is moistened with strong hydrochloric acid, the 
mixture is diluted with water, and poured upon a filter. The 
matter upon the filter is washed, dried, and weighed. It usually 
consists of charcoal, sand, and silica, deposited from a state of so- 
lution : by digestion in a caustic alkali, the fine silica is dissolved, 
while the sand and charcoal remain undissolved, and may be col- 
lected in the usual way, and weighed. If necessary, the charcoal 
and sand may be separatcjd from each other by incineration. 

The liquid filtered from the sand, &c. is divided, by means of an 
alkali meter (page 306.), into three equal portions ; in one of which 
the oxide of iron, oxide of manganese, and alkaline earths, are es- 
timated ; in another, the phosphoric and sulphuric acids ; and in 
another, the alkalies. 

2. For the estimation of the peroxide of iron and alkaline earths, 
the liquid is mixed with ammonia in sliglit excess, which preci- 
pitates phos 2 )hatc of* the peroxide of iron, and either oxide of iron 
or an earthy jjhosphate. Acetic acid is next added in decided 
excess, to dissolve the phosphate of lime or free oxide of iron, and 
the undissolved phosphate of iron is collected on a filter (after 
warming the liquid), washed, ignited strongly, and weighed. 
After being heated to redness, the phosphate of iron contains 41*6 
l)er cent, of oxide of iron. The lime in the filtered liquid is esti- 
mated as oxalate in the usual way (page 315.) ; and to the solution 
filtered from the oxalate of lime, ammonia and phosphate of soda 
are applied, to precipitate magnesia, (page 318.) If the liquid 
filtered from the phosphate of iron contains peroxide of iron (in 
which case the absence of earthy phosphates may be inferred), the 
liquid, before the lime is precipitated, is rendered neutral or 
slightly ammoniacal, and iron, and manganese, if present, are then 
])n cipitated as sulphurets by hydrosulphate of ammonia. (For 
the modes of separating iron and manganese from each other, 
sec page 33iS.) From the filtered atnmoniacal solution, lime and 
magnesia are separated in the usual way. 

. 3. To the portion of the solution filter.edf froin the sand, &c., 

I I 2 
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chloride of barium is added, for the purpose of separating and es- 
timating sulphuric acid, (page 405.) The liquid filtered from the 
sulphate of barytes is subjected to the process for estimating phos- 
phoric acid described at page 427. 

4. To estimate the alkalies in the ash, the remaining portion of 
the solution filtered from the sand, &c. is mixed with exjccss of 

f , . 

barytes-water, the mixture is heated and filtered, and the precipi- 
tate on the filter is well washed. The excess of barytes in the 
filtered liquid is precipitated by the addition of carbonate of 
ammonia and some free ammonia : after filtration, the solution 
is evaporated to dryness, the residue is calcined to expel ammoni- 
acal salts, and the fixed alkaline chlorides remaining are weighed. 
A trace of magnesia generally remains undissolvcd when these 
chlorides are dissolved in water. By determining their proportion 
of chlorine, that of the potassium and sodium may be deduced by 
calculation. (See page 305.) 

If hydrochloric acid has but little action on the ash which is the 
subject of examination, the alkali should be estimated by one of 
the processes described at page 404., the ash being strongly calcined 
with either quick-lime or caustic barytes. 

5. The carbonic acid in the ash is estimated by the process de- 
scribed at page 435., and the chlorine by digesting the ash in hot 
water slightly acidulated with nitric acid, and precipitating the 
clilorine as chloride of silver. 

Ashes which are acted on with difficulty by hydrochloric acid 
may be heated, in a platinum or silver capsule, with strong potash 
or soda ley : the silicates are thereby acted on, and for the mos t 
part dissolved, while the sand remains undissolved. 

8. Method of calculating the Atomic Constitution of a 
Body from its Per-centage Composition. 

The result of a quantitive analysis is first stated in the composition 
of 100 parts of the body analyzed. If the compound possesses a 
definite composition, that is, if it is not a mere mechanical mixture 
of its constituents, there remains to be discovered the atomic con- 
stitution of the substance, or the number of equivalents of each con- 
stituent contained in one equivalent of the compound. The 
equivalent of a compound body is the sum of the equivalents of its 
constituents : if, therefore, the equivalent of a compound be 100, 
the per-centage amount of any one of the constituents must either 
be the single equivalent number of that constituent, or else a simple 
multiple of the equivalent ; ^d consequently, when the per-centage 
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is divided by the equivalent, it should give the number of atoms 
of the particular constituent contained in one atom (100) of the 
compound. In like manner, if the equivalent of a compound be 
more or less than 100, the per-centage amounts of the ingredients, 
when divided by the respective single equivalent numbers, give 
tlie proportions in which the atoms exist with relation to eaph 
other, instead of the actual number of atoms, which last is then 
, obtained by a simple calculation. ^ This will be more obvious by 
an illustration. The analysis of crystallized sulphate of nickel 
gives in 100 parts — 

Oxide of nickel .... 26*95 

Sulphuric acid .... 28*37 

Water 44*68 


100*00 


Now the equivalent of oxide of nickel (taking the whole 
number on the hydrogen scale) is 38; the equivalent of sulphuric 
acid is 40 ; and the equivalent of water is 9. Then the per-centage 
of oxide of nickel, 26*95, divided by the equivalent of oxide of nickel, 
38, gives the number *709 ; the per-centage of sulphuric acid, 28*37, 
divided by the equivalent of sulphuric acid, 40, gives the number 
*709 ; and the per-centage of water, 44*68, when divided by the 
equivalent of water, 9, gives the number 4*964. 

The proportions, therefore, of the atoms are — 

0*709 of oxide of nickel, 

0*709 of sulphuric acid, and 
4*964 of water ; 

Numbers which correspond to — 

1 atom of oxide of nickel, 

1 atom of sulphuric acid, 

7 atoms of water. 

An analysis of sugar gave, as the composition of that substance, 
in 100 parts — 

Carbon 42*4 

Hydrogen 6*5 

Oxygen 51*1 

100 * 0 ; 

which quantities of carbon, hydrogen, and oxygen, when divided 
by the respective equivalents of these elements, give — 

1 1 3 
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7*06 atoms of carbon, 

6*50 atoms of hydrogen, and 
6*38 atoms of oxygen. 

The nearest corresponding whole numbers (allowing for tlie usual 
slight excess of hydrogen) being 12 of carbon, 11 of hydrogen, and 
1 1 of oxygen. 

9. Methods of taking the Specific Gravity of Bodies. 

By the specific gravity or density of a substance, is understood 
the relation which exists between its volume and its weight. If 
one body is found to possess twice the weight of another body, tlie 
bulks of the two being equal, one is said to have twice the density 
or specific gravity of the other, and thus in proportion ; so that, the 
volumes being equal, the densities of bodies are directly as their 
weights ; or the weights being equal, the densities are inversely as 
the volumes. For convenience in comparison, the densities of solids 
and liquids are referred to jture 'water ^ and the densities of gases to 
dry air, as the startdards of unity ; Jience the number representing 
the specific gravity of a solid or liquid is the number of times it is 
heavier than water, and the sj)ccific gravity of a gas or a vapour 
is the number of times it is heavier than air, both being taken 
at the temperature of 60° Fahr., and under a pressure of 30 inches 
of the barometer. 

In taking the density of a body, the experiment is to ascertain 
either the weight of a given volume, or the volume ol’ a given 
weight, and then to compare the weight with that of an equal bulk 
of the standard ; that is, either of water or of air. 

1. Liquids, — To take the specific gravity of a liquid, it is 
brought to the temperature of 60° Fahr., and introduced into a 
counterpoised phial or flask, which is capable of holding, whcji 
quite full, exactly 1000 grains of distilled water at the temperature 
of 60° Fakr. The bottle being counterpoised, the liquid is then 
weighed. As the bottle holds 1000 grains of water, the weight 
of the liquid gives its specific gravity. Thus, if the liquid ope- 
rated on is proof spirit, it would be found to weigh very nearly 
918*6 grains ; if oil of vitriol, it would weigh 1845 grains ; and if 
mercury, it would weigh 13,500 grains ; which numbers are the 
densities of these liquids, water being taken as 1000; or if wat(ir 
is taken as 1, the decimal point is advanced three figures to the 
left. 

Notwithstanding the simplicity of the above method, it is not 
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generally followed, from the inconveniently large size of a bottle 
holding BO much as 1000 grains. A much smaller bottle is pre- 
ferred, weighing from 100 to 200 grains, and holding, when full, 
from 2(X) to 300 grains of water. It should be provided with a 
stopi)er formed from a piece of thermometer tube, the bore in 
which allows the excess of liquid to exude when the stopper is 
applied to the filled bottle. The weight of the flask in a perfectly 
clean and dry state, and also its weight when full of distilled water 
at 60°, having been observed, the weight of water it holds is ascer- 
tained. Then by deducting the weight of the bottle from its 
weight when full of the liquid whose density is to be taken, the 
weight of the latter is obtained, and its density may be cal- 
culated, by the rule, — As the weight of water is to the weight of 
liquid, so 1 is to the density of the liquid. That is, the density of 
the liquid is obtained by dividing its weight by the weight of the 
water. 

2. Solids heavier than water, — The solid whose density is re- 
({uired is first weighed in air, and afterwards (if insoluble) in dis- 
tilled water at 60°, being suspended from the pan of the balance 
by a fibre of unspun silk. The weight of the substance in water 
is found to be less than in air ; and the weight lost by immersion 
l epresents the weight of the bulk of water which the body dis- 
places, according to the hydrostatic law, that the weight of a 
substance in any medium (such as water in the present instance) 
is less than its absolute weight by the weight of the bulk of the 
medium which it displaces; and obviously, it must displace its 
own bulk. We thus obtain the two data necessary to calculate 
the density of a solid ; namely, the weight of the substance in 
air, and also the weight of its own bulk of water. Suppose a 
substance which weighs 420 grains in air to weigh 345 grains in 
water ; then the weight lost by immersion being 75 grains, we 
have the proportion — 

as 75 : 420:: 1 : 5-6; 

5-6 is therefore the density of the substance in question. 

Another method of obtaining the specific gravity of an insoluble 
substance, is by the use of the bottle employed in taking the 
specific gravity of liquids. A known weight of the substance is 
nitroduced into the bottle, which is completely filled with water, 
and weighed. The weight of the bottle when containing both the 
substance and water is subtracted from the sum of the weights of 

1X4 
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the substance in air and tlic bottle when containing water only ; 
the remainder is the weight of the water which the solid displaces. 
For example, suppose the weight of the substance in air to be 180 
grains, the weight of the bottle when filled with water 240 
grains, and the weight of the bottle when containing botli the 
substance and water 390 grains: then from 420 (180 + 249) sub- 
tract 390, the remainder, 30, is the weight of the volume of 
water displaced by 1 80 grains of the substance ; and hence the 
proportion as 30 : 1 ; ; 180 : 6. The specific gravity required is 
therefore 6. 

If the solid whose density is to be taken is soluble in water, 
some other fluid of known specific gravity must be used, in 
which it is insoluble. Either oil of turpentine, alcohol, or olive 
oil will generally be found available. The specific gravity of 
tlie substance is then found by the following proportion, — As the 
density of water is to the density of the Ihpud used, so is the 
density of the substance in relation to the licjuid in which it is 
weighed as unity, to its density compared with water as unity. 
If, for example, a body is found to possess the density 3, c-oni- 
pared with olive oil as unity, then olive oil being 4)1 compared 
with water as 1, we have tlie proportion, as 1 (the assumed 
density of water) is to *91, so is 3 to 2*73, which is the specific 
gravity required. 

3. Solids lighter than ivater, — When the solid whose density is 
required is lighter than water, it should be attached by means of a 
slender thread to a piece of a heavier solid of sufficient weight that 
both when together shall sink in water. The points to be deter- 
mined experimentally in such a case are — 

1. The weight of the light solid in air ; 

2. The weight of the licavy solid in air ; 

3. The weight of the heavy solid in water ; and 

4. The weight of the two together in water. 

The diflerence between the weight of both bodies tied togetlier 
in water, and the sum of their weights in air, shows the weight ot‘ 
the whole bulk of water displaced by both. To know how much 
of this is due to the heavy body, the weight of the latter in water 
is subtracted from its weight in air ; the remainder is the weight of 
the water displaced by the heavy body alone; which, deduct(‘d 
from the entire weight of water displaced by both, leaves that 
displaced by the light body alone. The rule therefore is — from 
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the difference between the weight of the two in water and their 
weight in air, subtract the difference between the weight of the 
heavy solid in air and its weight in water ; the remainder is the 
weight of a quantity of water equal in bulk to the light solid, from 
wliich the specific gravity of the substance may be obtained by 
sinqde. proportion. As an example, suppose the following case: — 


1. The weight of the light solid in air - 

2. The weight of the heavy solid in air - 

3. The wciglit of the heavy solid in water 

4. The wedght of both tied together in water 


-12 grains 


- 22 

- 19 

- 8 


j? 


Tlicn, from the weight of both in air (12 + 22) 
Deduct the weight of both in water 


And from tlic remainder deduct 22-- 19=3 - 


34 grains 


- 8 




26 

- 3 




Wliich gives the weight of the bulk of water 1 
displaced by tlie light body alone - - J 


- 23 


The following proportion then affords the specific gravity of the 
body ; — 

as 23 : 12 ::i* : 0-5217. 

4. Gases. — The standard of comparison to which the densities 
of gases and vapours are referred is air ; as it would be incon- 
venient, from the extreme lightness of these bodies, to compare 
tlieir weights with that of an equal bulk of water. From the 
careful experiments of Dr. Trout, it appears that 100 cubic inches 
of atniospheric air deprived of carbonic acid and aqueous vapour 
weighs 31 *01 17 grains, at 30 inches of the barometer, and at the 
tcnqierature of 60° Fahr. ; from which observation it is easy to 
calculate the absolute weight of any bulk of a gas from its specific 
gravity. Thus the specific gravity of chlorine is found to be 2*47 ; 
to find how much 100 cubic inches of that gas weigh at mean 
temperature and pressure, we make use of the proportion, 

as 1* ; 2-47:: 31-01 ; 76-59; 

therefore 100 cubic inches of chlorine weigh 76-59 grains. 

The simplest method of obtaining the specific gravity of a gas 
rs the following : — The object is to ascertain the weight of a bulk 
ot gas equal to the bulk of a known weight of air. For this pur- 



490 


APPKNDIX. 


pose, a light glass globe, furnished with a stop-cock,'i is very 
accurately weighed, when full of air ; then exhausted of its air, by 
connecting it with an air-pump, and weighed in the vacuous state. 
The weight of the air withdrawn by the exhaustion is thus 
ascertained. The globe, still vacuous, is connected with a jar 
containing the gas which is to be weighed, at the water or mer- 
curial trough ; the jar having a stop-cock at its top, into which the 
stop-cock of the globe can be screwed air-tight. On gently open- 
ing both stop-cocks, a quantity of gas rushes from the jar into the 
exhausted globe, equal in bulk to the air withdrawn by the ex- 
haustion, if the surface of the liquid within the jar be brought to 
the level of that without in the trough, and the temperature of the 
air and the barometric pressure have not varied during the expe- 
riment. The stop-cock being closed, the globe is detached from 
the jar, and weighed. The difference between its weight when 
containing the gas, and when vacuous, is the weight of a bulk of 
the gas equal to the bulk of air whose place it occupies, the weight 
of which has ali*eady been determined. 

Suppose the globe to lose 10*33 grains by exhaustion of air, and, 
when exhausted, to gain 15*78 grains by admitting carbonic acid 
gas; then, assuming 1* as the density of air, we have the pro- 
portion, 

as 10*33 : 15*78 :: 1* : 1*527; 

the specific gravity of carbonic acid gas is, therefore, 1*527. 

Although thus simple in principle, the operation in its details is 
one of extreme delicacy. From the facility with wliich gases 
undergo a change in their bulk' through variations of temperature 
and pressure, it is obvious that if the temperature and barometric 
pressure vary during the course of the experiment, corrections 
must be made. As an illustration of the necessary corrections, 
suppose the bulk of air to weigh 12 grains at the temperature of 
60® Fahr., and under a pressure of 30 inches bar. ; and the same 
bulk of the gas whose density is required to weigh 20 grains, but at 
the temperature of 50® Fahr., and under a pressure of 28 inches 
bar. The points to be determined here are two : — 

]. Considering the volume of the air withdrawn and the gas 
admitted as 1*, at the observed temperatures and presures, what 
would be the volume of the gas at the temperature and pressure 
at which the air was weighed ? 

And, 2., having obtained that volume, what is the corresponding 
increase or reduction ip the weight of the gas ? 
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Performed according to rules which arc given in the uotc 
below*, the results of these calculations are as Ibllow : — 

(a) A volume of gas equal to 1- at 50° Fahr. is equal 1*019 
at 60° Falir. 

(5) A volume of gas equal to 1*019 at 2S inches of the baro- 
meter is equal to 0*951 at thirty inches. 

A volume of the gas, therefore, equal to 0*951 weighs 20 grains ; 
a volume of air equal to 1 * at the same temperature and pressure 
weighing 12 grains. Then, if 0*951 vol. weighs 20 grains, 1 voL 
should weigh 21*03 grains : and 

as 12 ; 1 :: 21*03 : 1*75; 

1*75 is therefore the density required. 

The state of dryness of a gas is another circumstance which 
interferes with its volume ; for whicli reason, due care should be 
taken to insure either the perfect dryness of the gas, or its com- 
plete saturation with moisture. In the latter case the temperature 
must be noticed and the observed volume reduced according to the 
proportion of aqueous vapour capable of existing in the gas at 
the observed temperature. The proportions of vapour by volume 
contained in 1 vol. of the saturated gas for temperatures between 


* 1. For changes in bulk by The volume which a gas should possess 

at one pressure may be calculated from its known volume at another pressure, 
by the use of the following proportion : -- As the pressure to whicli the gas is to 
be corrected is to the observed jircssure, so is the observed volume to the volume 
reipiired. In the example in the text the pressure to which the gas is to be 
reduced is ao inches, the observed pressure 28 inches, and the volume 1*019. 
Then as 30 : 28 :: 1 *019 : 0 *951. 

2. For changes in hulk by temperature — From the very recent experiments of 
M. Uegnault, it appears that a volume of gas expands by heat of its bulk 
for each degree Fahrenheit. Hence, the volume of a gas at 0° Fahr. being 1, 
at any higher temperature it is found by the formula 1 +- The de- 

termination i)f the volume of a gas at one temperature from its known volume 
at another temperature maybe attained by the following formula : — Let ^ be 
the temperature Fahrenheit at which the volume of the gas is observed ; the 
temperature Fahrenheit to which the volume of the gas is to be reduced ; x the 
observ^jd volume at t ; and x' the volume at t' required ; 


Then x' 


(459+/OXX 
459+ ^ 


3. It is Ircquently necessary to combine corrections both for tenaperature and 
pressure. In such a case, as in the example in the text, the reduction of volume 
is fust made for temperature, and that corrected volume is afterwards reduced 
according to the pressure. 
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40°.and 80° Fahr. are expressed in the following table* (Faraday’s 
Manipulatiori), 


40 ° 

*00933 

41 

*00973 

42 

*01013 

43 

*01053 

44 

*01093 

45 

*01133 

46 

*01173 

47 

*01213 

48 

*01253 

49 

*01293 

50 

•01333 

51 

*01380 

52 

*01426 

53 

•01480 


64 ° *01533 

55 *01586 

56 *01640 

57 *01693 

58 *01753 

59 *01810 

60 *01866 

61 *01923 

62 *01980 

63 *02050 

64 *02120 

65 *02190 

66 *02260 

67 *02330 


68° 

*02406 

69 

*02483 

70 

•02566 

71 

*02653 

72 

*02740 

73 

*02830 

74 

•02923 

75 

•03020 

76 

*03120 

77 

•03220 

78 

*03323 

79 

*03423 

80 

*03533 


The preceding method of obtaining the density of a gas still 
requires a slight correction from another circumstance, when the 
temperature and pressure differ considerably at the time of weighing 
the air and at the time of weighing the gas ; but one so trifling that 
it may, in general, be neglected. The necessity of this correction 
arises from the impossibility of obtaining a perfect vacuum in the 
globe ; and the remaining small quantity of air may occupy a 
different space when weighed with the gas, to that which it 
occupied when the globe was weighed with air ; and consequently, 
the bulk of the gas admitted into the globe is not the same as the 
bulk of the air withdrawn. If the amount of rarefaction of the 
air in the exhausted flask is observed, by means of a barometer 
gauge attached to the air-pump, the amount of the remaining air 
may be calculated when the weight of the quantity withdrawn is 
aserrtained ; then the alteration to which it would be subject in 
bulk by changes of temperature and pressure may also be estimated, 
and a due allowance made on the bulk of the gas admitted into the 
globe. 

5. Method of taking the density of vapours, — Few processes of 
recent invention have been of more assistance in the prosecution 
of chemical research than the method contrived by M. Dumas for 
obtaining the density of the vapour of a volatile body. Neglecting 
the minute, but generally unnecessary, precautions requisite to 
insure results of mathematical accuracy, the process is briefly the 


• A cubic inch of aqueous vapour corrected to the temperature of 60°, and at 
a pressure of 30 inches, weighs 0*1 929 grains. 
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following : A light glass globe 55.), having a capacity of 

from twelve to sixteen fluid ounces, is drawn out at its neck to a 



narrow tube six or eight inches long, as shown in the figure ; the 
point of the tube is cut across with a file, and fused, but not sealed. 
The globe is then weighed, containing, as usual, atmospheric air, 
and the temperature and pressure at the time observed. To 
introduce a volatile liquid into the globe, the latter is warmed so 
as to expel a portion of its air, and the end of the beak is dipped 
under the surface of the liquid. As the globe cools, the air within 
contracts, and the liquid is sucked up. Wlien a sufficient quantity 
of tlie liquid has entered (from 100 to 150 grains), the globe is 
enclosed in a sort of wire cage, as represented in the figure, 
and immersed in a bath of some material which can be heated 
to 50° or 60° above the boiling point of the substance. Either 
water, oil, chloride of calcium, chloride of zinc, or the fusible 
alloy of bismuth, tin, and lead may be used for this purpose. 
When the temperature of the bath rises above the boiling point 
of the substance, a stream of vapour rushes through the tube, 
carrying with it all the air of the globe, if sufficient quantity of 
the substance had been introduced. When no more vapour is 
emitted, the point of the tube is sealed before the flame of the 
hlowpipf}, the temperature of the bath being observed at the same 
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moment*, and the globe is removed from the bath, washed, dried, 
and weighed. 

The next point to be determined is the capacity of the globe. 
For this purpose the neck is broken under the surface of mercury 
contained in a bason ; the metal immediately enters the globe to 
fill the vacuum caused by the condensation of the vapour at the 
ordinary temperature, filling the vessel completely, if the operation 
has been properly conducted. By pouring out the mercury, and 
measuring it in a graduated jar, the capacity of the globe is ascer- 
tained. We thus obtain all the data necessary for the calculation, 
having determined, experimentally, — 

1. The weight of the globe and air at ordinary temi>erature 
and pressure ; 

2. The weight of the globe and vapour filling it at the 
temperature of the bath, and under ordinary jircssure ; and, 

3. The capacity of the globe. 

Having these results, we obtain by calculation, — 

1. The weight of the empty globe (by knowing the capacity 
of the globe, the weight of tlie air filling it can be calcu- 
lated, which, deducted from the weight of‘ the globe and 
air, leaves the weight of the globe when vacuous) ; 

2. The weight of vapour filling the globe at the temperature 
of the bath (by deducting the weight of the empty globe 
from the weight of the globe and vapour) ; and, 

3. The weight of air filling the globe at the temperature of 
the bath, and at the pressure at which the globe was sealed 
with the vapour. 

The last calculation is made according to rules given in the 
note, page 491. ; having performed which, the density of the vapour 
recfuifed is obtained by the simple proportion, — As the weight of 
air filling the globe at the temperature of the bath is to the 
weight of vapour filling the globe at the same temperature, so is 
I to the density required. 

10. Tables fou Calculations in Analysis. 

In quantitative analysis the substance whose weight is to be de- 
termined, instead of being weighed in its free or uncombined state, 
is more frequently weighed in a state of union with another 
body, forming a definite compound and one of known composition, 

• The globe should be considered to possess a temperature less than that 
of the hath. 
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and fram the weight of which the weight of the particular con- 
stituent whose amount is the object of research is calculated. To 
facilitate caculations of this kind, the following tables have been 
constructed to express the quantities of one substance contained 
in 1-00000, 2-00000, 3*00000, 4-00000, 5*00000, 6*00000, 7*00000, 
8*00000, and 9*00000 parts respectively of another substance ; and 
by adding together the proportions corresponding to all the figi/res 
in the number which expresses the weight of a substance, the 
proportion in which one body is contained in or indicated by 
any amount of another body may be ascertained. The first 
column, headed “ Required,” contains the names of the sub- 
stances whose amounts arc to be determined ; the second, headed 
“ Found,” contains the names of the substances weighed ; and the 
remaining columns, headed by the first nine whole numbers, ex- 
press the proportions of the required ” substance contained in or 
indicated by as many parts of the ‘‘found” substance as the num- 
ber at the head of the column. When the number which expresses 
the quantity of the substance found contains more than one figure 
as its whole number, the decimal point is advanced in proportion 
to the right ; but if less than one whole number, the decimal point 
is advanced to the left. The application of these tables will be 
better comprehended by an example. To find the amount of 
chlorine contained in 21*34 grains of chloride of silver, proceed as 
follows : — 

20-00 The number in the column 2, with the decimal 

point advanced one figure to the right - 4*9340 
1- The number in column 1, without changing the 

decimal point - - - - *2467 

*3 The number in column 3, with the decimal point 

advanced one figure to the left - - -0740 

.04 The number in column 4, with the decimal point 

advanced two figures to the left - - -0098 

21*34 grains of chloride of silver contain grains of 

chlorine ----- 5*2645 

Although the idea that the equivalents of all substances are simple 
multiples of the equivalent of hydrogen seems to be favoured by 
recent researches on that subject, yet the equivalents upon which 
the following tables have been constructed generally comprise the 
decimal numbers in common use, as the equivalents of but few 
elements have yet been satisfactorily determined to be whole num- 
bers, and if whole numbers are always adopted, such tables as the 
following are scarcely needful. 
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Tabus or Atomic Weights. 


Name. 

Symbol. 

Atomic Weight. 

Alumina - 


. 

Al„ O 3 

51*44 

Aluminum 

- 

- 

il 

13-72 

Ammonia - 

- 

- 

NH, 

17*19 

Antimony 

- 

- 

Sb 

129*24 

oxide of 

- 

- 

SbO, 

153*28 

sulphuret of 

- 

- 

SbS 3 

177-6 

Arsenic; 

- 

- 

As 

75*34 

sulphuret of 

- 

- 

As S. 

123*7 

sulphuret of 
Arsenic; acid 

- 

- 

As Sg 

155*94 

. 

- 

As O 3 

115*34 

Arsenious acid 

- 

- 

AsO, 

99*34 

Barium 

- 

- 

Ba 

68*66 

chloride of (dry) 

- 

- 

Ba Cl 

207-0 

Barytes 

- 

- 

BaO 

76*66 

carbonate of 

- 

- 

Ba 0 , CO. 

2 Ba 0, PO 3 

98-88 

phosphate of 

- 

- 

224-76 

sulphate of 

- 

- 

Ba 0, SO, 

116-78 

Bismuth 

- 

- 

Bi 

71-07 

Boron « - 

- 

- 

B 

10*91 

Bromine - 

. 

- 

Br 

78-39 

Cadmium 

- 

- 

Cd 

55*83 

Calcium 

. 

- 

Ca 

20-52 

chloride of (dry) 

- 

- 

Ca Cl 

55*98 

Carbon 

- 

- 

C 

6*0 

Carbonic acid 

•- 

- 

CO 3 

22*0 

Carbonic oxide 

- 

- 

CO 

140 

Cerium 

- 

“ 1 

Ce 

46-05 

Chlorine - 

- 


Cl 

35-47 

Chromium 

- 

- 

Cr 

28-19 

Cobalt 

- 

- 

Co 

29-57 

Colombium (tantalum) 

- 

. 

Ta 

184-9 

Copper 

- 

- 

Cu 

31*71 

protoxide of 

- 

- 

CuO 

39-71 

suboxide of 

• 

. 

Cu„ 0 

71-42 

Fluorine - 


. 

f 

18-74 

Gluciuum 

- 


G 

26-54 

Gold 

- 

. 

Au 

199-21 

Hydrogen - 

- 

- 

H 

1-0 

Iodine 

- 

- 

I 

126-57 

Iridium 

- 

. 

Ir 

98-84 

Iron 

- 

- 

Fe 

27*18 

peroxide of 

- 

- 


78*36 

protoxide of - 
Leacl 

• 

: 

FeO 

Pb 

35-18 

103-73 

carbonate of 

- 

- 

Pb 0, CO, 

133*89 

chloride of 



Pb Cl 

139*2 

phosphate of - 

- 

. 

2 Pb 0, PO. 

294-9 

protoxide of - 

- 

- 

PbO 

111*73 

sulphate of - 


* * 

Pb 0, S0« 

151-9 



APPENDIX. 


509 


Table of Atomic Weights — continued. 



Symbol. 

Atomic Weight. 


CaO 

28-52 

. 

Ca 0, CO, 

50-52 

- 

Ca 0, SO, 

68-64 

. 

L 

6-44 

. 

Mg 0 

20-69 

- 

Mg 0, SO, 

60-81 

. 

Mg 

12-69 


Mn 

27-72 

. 

MnO 

35-72 

. 

Mn, 0 , 

79-44 


rig 

101-43 

- 

?. (Hg, Cl) 

119*16 

- 

llgO 

109*43 

. 

0 

210*86 

. 

Sfo 

47-96 

. 

Ni 

29-62 

• 

N • 

14-19 

. 

Os 

99-72 

. 

0 

8-0 


Pd 

53-36 


Po, 

71 *44 

. 

To, 

55.44 

. 

P 

31-44 

- 

Pt 

98-84 

- 


224-44 

- 

'W 

244-51 


KO 

47-26 

_ 

KO, CO, 

69-42 

. 

KO, SO 3 

87*43 


K 

39-26 

. 

K Cl 

74-7 


R 

52-20 


Se 

39-63 

* 

Si 

22-22 

. 


108*30 

. 

Ag Cl 

143-77 


AgO 

116*3 

1 

NaO 

31*31 


Na 0, CO, 

53*47 


Na 0, SO 3 

71-48 


Na 

23-31 


NaCl 

58-78 


Sr 0 

51-85 


Sr 0, CO, 

73-85 

. 

Sr 0, SO, 

91*97 


Sr 

4385 


Sr Cl 

79-32 


Name. 


Lime - - - 

, carbonate of - 
sulphate of - 
Lithium - - - 

Magnesia - - - 

sulphate of 
Magnesium 
Manganese 

protoxide of 
deutoxide of 

Mercury - - - 

subchloride of 
oxide of - - 

suboxide of 
Molybdenum 

Nickel - - - 

N itrogen - - - 

Osmium - - - 

Oxygen - 

Palladium - - - 

Phosphoric acid 
Phosphorous acid - 
Phosphorus 
Platinum 

ammonia-chloride of 

potassio-chloride of 

Potash - - - 

carbonate of 
sulphate of - 

Potassium - - - 

chloride of 

Rhodium - - - 

Selenium - - - 

Silicon - - - 

Silver " 

chloride of - 
oxide of - 

Soda - - - 

carbonate of - 
sulphate of - 
Sodium 

chloride of - 

Strontian - - - 

carbonate of 
sulphate of 
Strontium - - 

chloride of 
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op Atomic Weiqut» — oonlmued. 


Name. 

Symbol. 

Atomic Weight. 

Sulphur 

. 

. 


S 

1612 

Sulphuric acid 

- 

- 

- 

SO 3 

40*12 

Sulphurous acid 


- 

- 

so^ 

32- 

Tellurium 

- 

- 

- 

Te 

64*25 

Thorium - 

. 


. 

Th 

59*83 

Tin 

- 

. 

. 

Sn 

58*92 

peroxide of 

- 

- 

- 

SnO, 

74-92 

protoxide of 

- 

- 

- 

Sn 0 

66*92 

Titanium - 

- 

- 

- 

Ti 

24*33 

Tungsten - 

- 

- 

- 

W 

94*80 

TIranium - 

- 

- 

- 

u 

217*26 

Vanadium - 

- 

- 

. 

V 

68*66 

Water 

- 

- 

- 

HO 

9*0 

Yttrium 

- 

. 

- 

Y 

32*25 

Zinc 

- 

- 

- 

Zn 

32*31 

oxide of 

. 

- 


Zn 0 

40*31 

Zirconium - 

“ 

“ 

- 

Zr 

33*67 




INDEX, 


Aoetic acid, use of, as a reagent, 23. 
Acid, acetic, behaviour of, with re- 
agents, 135. 138. 

, antiinonic, behaviour of with re- 
agents, 100. 102. 

, antimonic, estiination of, 392. 

, aiitimoiiious, behaviour of, with 

reagents, 100. 104. 

, arsenic, behaviour of, with re- 
agents, 100. 104. 

• , arsenic, estimation of, 395. 

— — , arsenious, behaviour of, with re- 
agents, 100. 106. 254. 

boracic, behaviour of, with re- 
agents, 118. 121. 

, bromic, behaviour of, witli re- 
agents, 118, 122. 

, carbonic, behaviour of, with re- 
agents, 118. 122. 

, chloric, beliaviour of, with re- 
agents, 136. 138. 

, chromic, behaviour of, with re- 
agents, 114. 

, chromic, estimation of, 356. 

, citric, behaviour of, with re- 
agents, 1 1 8. 1 23. 

, formic, behaviour of, with re- 
agents, 136. 139. 

, hydrobromic, behaviour of, with 

reagents, 136. 145. 

— — , hydrochloric, behaviour of, with 
reagents, 136. 140. 

— , hydrochloric, detection of, in or- 
ganic mixtures, 288. 

f hydrochloric, estimation of, 

411. 

, hydrocyanic, behaviour of, with 

reagents, 136. 142. 

— , hydrocyanic, detection of, in or- 
ganic mixtures, 289. 

- — — , hydroduoric, behaviour of, with 
reagents, 119. 124. 

, hydriodic, behaviour of, with re- 
agents, 136. 146. 

, hydroselenic, behaviour of, with 

reagents, 137. 149. 


Acid, hydrosulphocyanic, behaviour of, 
with reagents, 137. 149. 

— ■ — , hy drosulphuric, behaviour of, with 
reagents, 137. 150. 

, hypcrmanganic, behaviour of, 

with reagents, 114. 116. 

— — , hyposulphuric, behaviour of, 
with reagents, 137. 151. 

, hyposulphurous, behaviour of, 

with reagents, 137, 153. 

— iodic, behaviour of, with reagents, 
119. 125. 

, manganic, behaviour of, with re- 
agents, 114, 117. , 

— , molybdic, behaviour of, before 
blowpipe, 250. 

, molybdic, behaviour of, with 

reagents, 100. 109. 

— , nitric, behaviour of, with reagents, 
137. 154. 

f nitric, detection of, in organic 

mixtures, 286. 

, nitric, estimation of, 430. 

, nitrous, behaviour of, with re- 
agents, 137. 156. 

, osmic, behaviour of, with re- 
agents, 100. 110. 

, oxalic, behaviour of, with re- 
agents, 119.126. 

, oxalic, detection of, in organic 

mixtures, 288. 

, perchloric, behaviour of, with 

reagents, 137. 157. 

, phosphoric, behaviour of, with 

reagents, 1 19. 127. 

■ ... phosphorous, behaviour of, with 
reagents, 119. 127. 

, selenic, behaviour of, with re- 
agents, 120. 129. 

f seleiiious, behaviour of, with re- 
agents, 102. 111. 

, silicic, behaviour of, with re- 
agents, 120. ISl. 

, silicic, blowpipe test for, 

258. 

- 7 -—, silicic, estimation of, 400. 
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INDEX. 


Acid, sulphuric, behaviour of, with 
Teafjents, 120. 132. I 

, sulphuric, detection of, in or- i 

ganic mixtures, 287. | 

■ , sulphuric, estimation of, 405. 

, sulphurous, behaviour of, with 

reagents, 120, 133. ' 

— , sulphurous, estimation of, 407. ' 

, tantalic, behaviour of, with re- 
agents, 60. 70. I 

, tartaric, behaviour of, with re- i 

agents, 120. 134. j 

, titanic, behaviour of, with re- ! 

agents, 60. 70. 

■ , titanic, estimation of, 358. 

, tungstic, behaviour of, with re- 
agents, 102. 111. 

- , tungstic, behaviour of, before 
blowpipe, 2.52. 

, vanadic, behaviour of, with re- 
agents, 102. 1 12. 

, uranic, estimation of, 354. 

Air, analysis of the, 431. 

Albumen, detection of, 293. 

Alcohol, detection of, 289. 

Alkalies, behaviour of, before blow- 
pipe, *240. 

, estimation of, in silicates, 403. 

, separation of fixed, from alu- 
mina, 324. 

-, separation of, from lime, 317. 
separation of, from magnesia, 

.321. 

Alkaline mineral waters, analysis of, 

449. 

sulphurets, analysis of, 410. 

Alkalimeter, .306. 

Alkalimetry, 305. 

Alloys, estimation of silver in, 370. 
Alumina, behaviour of salts of, before 
blowpipe, 242. 

, behaviour of salts of, with re- 
agents, 56. 64. 

, estimation of, 322. 

, separation of oxide of chromium 

from, 358. 

, separation of, from barytes, 324. 

, separation of, from fixed alkalies, 

324. 

"■ , separation of, from glucina, 327. 

, separation of, from lime, 324, 

, separation of, from phosphoric 

acid, 425. 

, separation of, from protoxide of 

manganese, 330. 

, separation of, from magnesia, 

324. 

separation of, from magnesia, 

lime and alkalies, 323. 


Alumina, separation of, from peroxide 
of iron, 338. 

separation of, from strontian, 

324. 

Aluminous minerals, solution of, 
.325. 

Amalgams, estimation of mercury in, 
377. 

Ammonia, behaviour of salts « 9 f, with 
reagents, 44. 50. 

, estimation of, 311, 

, use of, as a reagent, 25. 

Ammonio-nitrate of silver, use of, as 
a reagent, 36. 

Analysis of copper ores, 368. 

of alkaline mineral waters, 449. 

of alkaline sulphurets, 410. 

of borate of barytes, 429. 

of borates, 428. 

of brass, 368. 

of bromides, 421. 

of calomel, 412, 

of carbonated waters, 442. 

of carbonates, 435. 

of cast-iron, 438. 

of chalybeate waters, 442. 

of chloride of lead, 412. 

— — of chloride of silver, 412. 

of clilorides, 411. 

of chromate of lead, .362. 

of chrome-iron, 357. 

— of clay ironstone, 340. 

of coal gas, 270. 

of colophoiiite, 403. 

of earthy sulphurets, 410. 

of fluorides, 422. 

of gunpowder, 437. 

of iodides, 418. 

of metallic sulphurets, 407. 

of molybdate of lead, 393. 

of native oxide of tin, 388. 

of silicates, 215. 400. 

of phosphate of barytes, 425. 

of phosphate of lead, 424. 

- of platinum ore, 378. 

■ of platinum ore, table of, 385, 
386. 

- of saline mineral waters, 442. 

- of sulphate of barytes, 406. 

- of sulphate of lead, 406. 
of sulphate of lime, 407. 

- of sulphate of strontian, 406. 

• of sulphureous mineral waters, 
450. 

- of sulphuret of bismuth, 409. 

• of sulphuret of lead, 409. 

- of sulphuret of mercury, 409. 

• of sulphuret of silver, 409. 

• of tungstate of lime, 394, 
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Analysis of volatile organic substances, 
4G3. 

of wolfram, 394. 

, organic, 45G. 

, organic, by chromate of lead, 

AG5, 

, organic, by mixture of oxide of 

copper and chlorate of potash, 4G5. 
, organic, determination of nitro- 
gen in, 4G(;. 

, (Qualitative, systematic course of, 

IGl. 

qualitative, of Berlin silver, 213. 

, qualitative, of hornblende, 221. 

, cpialitative, of lepidolite, 221. 

, (qualitative, of mineral waters, 

223. 

, qualitative, of Newton’s fusible 

metal, 214. 

, qualitative, of silicates, 21.5. 

, (puilitative, of stilbiie, 221. 

— , qualitative, of urine, 290. 

, quantitative, of mineral waters, 

4 ‘12. 

, tables for calculations in, 494. 

Antimoniate of i)oiash, use of, as a 
reagent, 32. 

Antimonic acid, behaviour of, with 
reagents, 100. 102. 

, estimation of, 392. 

Antlmonious acid, behaviour of, with 
reagents, 100. 104. 

Antiinoniurets, blowpipe test for, 25G. 
Antimony, detection of, in organic 
mixtures, 284. 

- , estimation of, 389. 

, oxide of, behaviour of, before 

blowpipe, 244. 

, salts of, behaviour of, with re- 
agents, 7G. 85. 

, separation of, from arsenic, 397. 

, separation of, from other metals, 

.390. 

, separation of, from tin, 391. 

Aqua regia, use of, as a reagent, 21. 
Arseniates, blowpipe tests for, 254. 
Arsenic, detection of, in organic mix- 
tures, 273. 

-, estimation of, 395. 

, reduction test for, 108. 

, separation of, from antimony, 

397. 

Arsenic acid, behaviour of, with re- 
agents, 1(K). 104. 254. 

— — , separation of, from oxide of zinc, 
note, 397. 

, separation of, from other bodies, 

395. 397. 


Arsenioiis acid, !)ehavlour of, with re- 
agents, 100. lOG. 

, separation of, from other bodies, 

395. 397. 

Arsenites, blowpipe test for, 254. 
Ashe.s, analysis of vegetable, 482. 
Atmospheric air, analysis of the, 431. 
Atomic constitution, liow to calculate, 
484. 

• 

Barium, estimation of, 311. 

, use of chloride of, ii» a reagent, 

34. 

Barytes, analysis of borate of, 228, 

, analysis of sulqdiate of, 213. 

■ , analysis of borate of, 429. 

— ■ ■, (inalysis of sul{)bate of, 4()G. 

— , behaviour of salts of, before 
blow])ipe, 240. 

, behaviour of salts of, with re- 
agents, 4G. 52. 

, estimation of, 314. 

, separation of, from alumina, 

324. 

, separation of, from lime, 317. 

— , separation of, from strontian, 
31.5. * 

use of caustic, as a reagent, 33. 

, use of nitrate otj as a reagent, 

34. 

Berlin silver, qualitative analy.sis of, 
21.3. 

Bismuth, analysis of sulj)lmret of, 
409. 

, estimation of, 3G3. 

— — , oxide of, b^iaviour of, lieforc 
Idowpiqie, 244. 

, behaviour of salts of, with re- 
agents, 7G. 85. 

, sei)aration of, from lead, 3G4. 

Blowpi])e, use of, in qualitative ana- 
lysis, 231. 

, systematic course of operations 

with the, 2G0. 

Boracic acid, behaviour of, with re- 
agents, 118. 121. 

, estimation of, 428. 

Borate of barytes, analysis of, 429. 
Borates, analysis of, 428. 

, blowpipe tests for, 256. 

Borax, 23G. 

f colours of beads of, 264. 

Brass, analysis of, 368. 

Bromic acid, behaviour of, with re- 
agents, 118. 122. 

Bromides, analysis of, 421. 

, blowpipe test for, 256. 

Bromine, estimation of, 421. 

• . L L 
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Bromine, separation of, from iodine 
and chlorine, 421. 

Cadmium, estimation of, S63. 

- — — , oxide of, behaviour of, l>cfore 
blowpipe, 246. 

, behaviour of salts of, with re- 
agents, 76. 86. 

Calcium, estimation of, .*31.';. 

Calculi containing silica, 29.5. 

Calculus, ammonio-magnesian phos- 
phate, 299. 

, bone-earth, 293. 

, carbonate of lime, 29^5. 

, cystic oxide, 294. 

, fusible, 293. 

, oxalate of lime, 294. 

, uric acid, 293. 

, urate of ammonia, 294. 

, xanthic oxide, 294. 

Calomel, analysis of, 412. 

Carbonated mineral waters, analysis 
of, 442. 

Carbonate of ammonia, use of, as a 
reagent, 26. 

of potash, use of, as a reagent, 

24. 

of soda, use of, as a reagent, 25. 

Carbonates, analysis of, 435. 

Carbon, estimation of, in organic bo- 
dies, 456. 

, separation of, from iron, 438. 

— , separation of, from sulphur, and 
nitrate of potash, 437. 

Carbonic acii behaviour of, with re- 
agents, 118. 122. 

, estimation of, 435. 

Carbonic acid gas, how to determine 
rpiantity of, in atmosphere, 434. 
Cast-iron, analysis of, 411. 438. 
Cerium, estimation of, 329. 

, oxide of, behaviour of, before 

blowpipe, 246, 

, behaviour of salts of, with re- 
agents, 56. 64. 

Chalybeate mineral waters, analysis of, 
442. 

Chloric acid, behaviour of, with re- 
agents, 126. 138. 

Chloride of barium, use of, as a re- 
agent, 34. 

Chloride of lead, use of, as a reagent, 
32.^ 

Chloride of platinum, use of, as a re- 
agent, 29. 

Chlorides, analysis of, 411. 

• , blowpipe test for, 256. 

Chlorimetry, 413. 


Chlorine, estimation of, 411. 

, separation of, from iodine, 420. 

Chlorine, separation of, from hydro- 
chloric acid, 413. 

Chromate of lead, analysis of, 362. 

use of, in organic analysis, 465. 

— of potash, use of, as a reagent 31. 
Chrome-iron, analysis of, 357. 

Chromic acid, behaviour of, Vith re- 
agents, 114. 

, estimation of, 356. 

Chromium, estimation of, 356. 

, oxide of, behaviour of, before 

blowpipe, 246, 

— , behaviour of salts of, with re- 
agents, 56. 65. 

, separation of oxide of, from alu- 
mina, 358. 

, separation of oxide of, from oxide 

of iron, 357. 

Citric acid, behaviour of, with re- 
agents, 118. 123. 

Clay ironstone, analysis of, 340. 

Coal gas, analysis of, 270. 

Cobalt, estimation of, 343. 

, oxide of, behaviour of, before 

blowpipe, 246. 

, behaviour of salts of, with re- 
agents, 56. 66. 

, separation of oxide of, from 

oxide of nickel, 346. 

, sej)aration of oxide of, from oxide 

of zinc, 350. 

, separation of oxide of, from per- 
oxide of iron, 348. 

Cobalt, use of nitrate of, in blowpipe 
analysis, 238. 

Colophonite, analysis of, 403. 
Constitution, how to calculate atomic, 
484. 

Copper, behaviour of salts of protoxide 
of, with reagents, 78. 87. 

Copper, behaviour of salts of suboxide 
of, with reagents, 76. 87. 

, detection of, in organic mixtures, 

285. 

, estimation of, 365. 

, oxide of, behaviour of, before 

blowpipe, 248. 

, estimation of suboxide of, 369. 

, separation of iron, manganese, 

nickel and zinc from, 368. 

, separation of, from lead, 367. 

— , separation of oxide of, from 
protoxide of mercury, 376. 

, separation of, from zinc, 368. 

ores, analysis of, 368. 

Cupellation, 370. 
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Density, 486. 

of gases, how to determine, 489. 

of li( 2 uids, how to determine, 

486. 

of solids, how to determine, 487, 

488. 

,of vapours, how to determine, 

492. 

Earths, behaviour of, before blowjiipo, 
240. 

Earthy sill phiirets, analysis of, 410. 
Endioracter, Dr. lire’s, 483. 
Endiometry, 431. 

Filtration, 10. 

Filter, ignition of, 12. 

Flame, construction of, 232. 

, oxidating, 233. 

— — , reducing, 233. 

Fluorides, analysis of, 422. 

hlowpi])e test for, 2.')6. 

Fluorine, estimation of, 422. 

Formic acid, behaviour of, with re- 
agents, 136. 139. 

Fusible metal, qualitative analysis of 
Newton’s, 214. 

Galls, use of infusion of, as a reagent, 
30. 

Gas, coal, analysis of, 270. 

Gases, change in bulk of, by aqueous 
vapour, 491 . 

, corrections for changes in bulk 

of, note, 491. 

— , how to determine density of, 489. 

— , mixed, analysis of, 267, et seq. 

Glucina, behaviour of salts of, before 
b]owpi])e, 242. 

, behaviour of salts of, with re- 
agents, 56. ()(). 

, estimation of, 326. 

, separation of, from alumina, 

326. 

■ , separation of, from magnesia, 

327. 

Gold, estimation of, 372. 

, behaviour of salts of, with re- 
agents, 78. 89. 

— — , separation of, from silver, 373. 

, separation of, from copper, 372. 

Guano, valuation of, 479. 

(i unpowder, analysis of, 437. 

Hardness of waters, determination of 
degree of, 451 . 

Hornblende, qualitative analysis of, 
221. 


Hydrates, analysis of, 439. 

Ilydriodic acid, behaviour of, with re- 
agents, 436. 146. 

Hydrobromic acid, behaviour of, with 
reagents, 136. 145. 

Hydrochloric acid, behaviour of, with 
reagents, 1.36. 140. 

, detection of, in organic mixtures, 

288. 

, estimation of, 411. 

, note on the purification of, 473. 

, se 2 )aration ot, from chlorine, 

413. 

, use of, as a reagent, 1 9. 

Hydrocyanic acid, bchavisur of, with 
reagents, 136. 142. 

, detection of, in organic mixtures, 

289. 

Hydrofluoric acid, behaviour of, with 
reagents, 119. 124. 

Hydrogen, estimation of, in organic 
bodies, 456. 

llydroselenic acid, behaviour of, with 
reagents, 137. 149. 

Hydrosulphate of ammonia, use of, as 
a reagent, 28. 

liydrosulphoeyanic acid, behaviour of, 
with reagents, 137. 149. 
ITydrosulphiiric acid, behaviour of, 
with reagents, 137. 150. 

Ilygrometry, 434. 

llyjiermanganic acid, behaviour of, 
with reagents, 114. 116. 
Ilyposnlphuric acid, behaviour of, with 
reagents, 137. 151. 

Hyposulphurous acid, behaviour of, 
with reagents, 137. 15.3. 

Indigo, use of sulphate of, as a re- 
agent, 36. 

Iodic acid, behaviour of, with reagents, 
119. 125. 

Iodide of potassium, use of, as a re- 
agent, 36. 

Iodides, analysis of, 418. 

— - , blowpipe test for, 257 

Iodine ley, estimation of iodine in, 419. • 

, estimation of, 418. 

, separation of, from bromine, 421. 

« — , separation of, from chlorine, 420. 
Iridic oxide, behaviour of salts of, 
witli reagents, 78. 90. 

Iridium, estimation of, 378. 

Iron, analysis of cast, 438. 

, behaviour of salts of peroxide 

of, with reagents, 58. 67. 

, beliaviour of salts of protoxide 

off with reagents, 58. 68. 

L L 2 
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Iron, estimation of, 335. 

; peroxide of, behaviour of, before 

blowpipe, 248. 

, separation of, from carbon, 438. 

, separation of oxide of, from oxide 

of chromium, 357. 

, separation of peroxide of, from 

alumina, 338. 

separation of peroxide of, from 

earths and alkalies, 3-1 0. 

, separation of peroxide of, from 

magnesia, 339. 

, separation of peroxide of, from 

oxide of cobalt, 348. 

, separation of peroxide of, from 

oxide of nickel, 342. 

, separation of peroxide of, from 

oxide of zinc, 353. 

, separation of j)croxidc of, from 

I)rotoxide of iron, 338. 

, separation of peroxide of, from 

protoxide of manganese, 336. 

, separation of peroxide of, from 

yttria, 338. 

, separation of uranium from, 356. 

Ironstone, clay, analysis of, 340. 

Lamp, Berzelius’s, for blowpipe ex- 
])eriinents, 233. 

) Rose’s, 13. 

Lantanuin, behaviour of salts of, with 
reagents, 58. 68. 

, behaviour of oxide of, before the 

blowpipe, 248. 

Lead, analysis of chloride of, 412. 

, analysis of chromate of, 362. 

, analysis of molybdate of, 393. 

, analysis of phosphate of, 424. 

, analysis of sulphate of, 406. 

, analysis of sulphuret of, 409. 

, tietection of, in organic mixtures, 

28h. 

, estimation of, 360. 

, behaviour of oxide of, before 

blowpipe, 248. 

, behaviour of salts of, with re- 
agents, 78. 91. 

, separation of, from bismuth, 364. 

, separation of, from copper, 367. 

liepidolitc, qualitative analysis of, 221. 
Lime, analysis of sulphate of, 407. 

, analysis of tungstate of, 394. 

, behaviour of salts of, before 

blowpipe, 240. 

— , behaviour of salts of^ with re- 

agents, 46. 53. 

, estimation of, 315. 

, separation of caustic, from car- 
bonate of, 316. 


Lime, separation of, from alkalies, 317. 

, separation of, from alumina, 324. 

, separation of, from barytes, 317. 

, separation of from magnesia, 

319. 

, separation of, from protoxide of 

manganese, 331. 

— — , separation of, from stronti.an, 
317. ’ 

Liquids, how to determine density of, 
486. 

Lithia, behaviour of salts of, before 
blowpi])e, 240. 

, l)ehaviour of salts of, with re- 
agents, 44. 50. 

, estimation of, 313. 

, separation of, from potash and 

soda, 313. 

Magnesia, behaviour of salts of, before 
blowpipe, 242 

, behaviour of salts of, with re- 
agents, 46. 54. 

, estimation of, 318. 

, separation of, from alumina, 

324. 

, separation of, from fixed alkalies, 

: 321. 

! , separation of, from glucina, 327. 

i , separation of, from lime, 319. 

, separation of, from jieroxide of 

iron, 339. 

, Reparation of, from protoxide of 

manganese, 331. 

Manganates, behaviour of, with re- 
agents, 114. 117. 

Manganese, analysis of ores of, 476. 

, behaviour of salts of deutoxide 

of, with reagents, 58. 69. 

, behaviour of salts of protoxide 

of, with reagents, 58. 69. 

, estimation of, 329. 

, behaviour of oxides of, before 

blowpipe, 250. 

separation of protoxide of, from 

alumina, 330. 

, se])aration of, from nickel, 342. 

i , sc})aration of protoxide of, from 

magnesia and lime, 331. 

, sejiaration of protoxide of, from 

oxide of zinc, 353. 

, separation of protoxide of, from 

peroxide of iron, 336. 

, valuation of peroxide of, 3.32. 

476. 

Manipulations in qualitative analysis, 

3. 

Manipulations in quantitative analysis. 
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Marsh’s test for arsenic, 275. 

Mercury, analysis of subchloride of, 
412. 

, analysis of sulphurets of, 409. 

, behaviour of salts of protoxide of, 

with reagents, 80. 92. 

, behaviour of salts of suboxide of, 

with reagents, 78. 91. 

, detection of, in organic mixtures, 

284. 

, estimation of, 373. 

, estimation of, in amalgams, 377. 

— : — , separation of protoxide of, from 
oxide of copper, 370‘. 

, separation of oxides of, from 

oxide of silver, 376. 

Metallic oxides, classification of, 41. 
Microcosmic salt, 236. 

, colours of beads of, 265. 

Mineral waters, analysis of alkaline, 
449. 

, qualitative analysis of, 223. 

, quantitative analysis of, 442. 

, analysis of sulphureous, 450. 

IVIolyhdatc of lead, analysis of, 393. 
Molybdenum, estimation of, 31)2. 
Molybdic acid, behaviour of, before 
blowpipe, 250. 

acid, behaviour of, with reagents, 

100. 109. 

acid, estimation of, 392. 

oxide, behaviour of salts of, with 

reagents, 80. 94. 

Mucus, detection of, 291. 

Muriate of ammonia, use of, as a re- 
agent, .3S. 

Nickel, oxide of, behaviour of, before 
blowpipe, 250. 

, behaviour of salts of, with re- 
agents, 58. 70. 

, estimation of, 341. 

, separation of alumina from oxide 

of, 343. 

, separation of, from manganese, 

342. 

, separation of magnesia from 

oxide of, 342. 

, separation of oxide of, from 

oxide of cobalt, 346*. 

, separation of oxide of, from 

oxide of zinc, .350. 

, separation of oxide of, from per- 
oxide of iron, 342. 

Nitrate of barytes, use of, as a re- 
agent, 34. 

of potash, refraction of, 478. 

of silver, use of, as a reagent, 

35 . 


Nitrates, analysis of, 430. 

— — , blowpipe test for, 257. 

Nitric acid, beliaviour of, with re- 
agents, 137. 154. 

, detection of, in organic mixtures, 

286. 

, estimation of, 430. 

, use of, as a reagent, 20. 

Nitre, refraction of, 4 78. 

Nitrogen, determination of, in organic 
substances, 466. 

Nitro-miiriatic acid, use of, as a re- 
agent, 21. 

Nitrous acid, behaviour of, witli re- 
agents, 137. 156. 

Organic analysis, 456. 

Organic substances, analysis of volatile, 
463. 

Osmic acid, behaviour of, with re- 
agents, 1 00. ] 1 0. 

f)smic oxide, behaviour of salts of, 
with reagents, 80, 95. 

Osmium, estimation of, 378. 

Oxalate of ammonia, use of, as a re- 
agent, 2(). , 

Oxalic acid, behaviour of, with re- 
agents, 119. 1 

— — — acid, detection of, in organic 
mixtures, 288. 

acid, u.sc of, as a reagent, 22. 

Oxides, classiHcation of metallic, 41. 

Palhadious oxide, behaviour of, salts 
of, with reagents, 80. 95. 

Palladium, estimation of, 378. 
Perchloric aciil, behaviour of, with re- 
agents, 137. 157. 

13iosphate of Iwrytcs, analysis of, 425. 

of lead, analysis of, 424. 

of soda, use of, as a reagent, 29. 

Phosphates, blowpipe test for, 257. 
Phosphoric acid, behaviour of, with 
reagents, 119. 127. 

estimation of, 423. 

acid, estimation of, in soils, 427.^ 

, separation of, from alumina, 

425. 

— separation of, from metallic 
oxides, 424. 

, separation of, from sulphuric 

acid, 426. 

- acid, separation of, from peroxide 

of uranium, 426. 

Phosphorous acid, behaviour of, with 
reagents, 119. 128. 

Platinic oxide, behaviour of .salts of 
' with, reagents, 82. 96. 
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PJatinous oxide, behaviour of salts of, 
wilth reagents, 80. 95. 

Platinum, estimation of, J}78. 

- ore, analysis of, 378. 

— , separation of, from gold, .387. 

, materials which corrode vessels 

of, 12. note. 

, use of chloride of, as a reagent, 

Poisons, detection of, in organic mix- 
tures, 272. 

Potash, behaviour of salts of, before 
blowpipe, 240. 

, behaviour of salts of, with re- 
agents, 44. 48. 

, estimation of, 301. 

, separation of, from soda, 30.3. 

, use of, as a reagent, 23. 

Potashes, analysis of, 473. 

Potassium, estimation of, 301. 
Precipitation, 5. 8. 

Precipitates, washing of, 11. 

— , ignition of, 13. 

Protochloride of tin, use of, as a re- 
agent, 31. 

Prussiates of potash, use of the red 
and yellow, as reagents, 29, 30. 

Qualitative analysis, course of syste- 
matic, 1(51. 

analysis, manipulations in, ,3. 

Quantitative analysis, manipulations 
in, 7. 

, observations on, 299, 

Reagents, 3. 17. 

Red prussiate of potash, use of, as a 
reagent, SO. 

Reductir.n test for arsenic, 108. 

Rhodif. oxide, behaviour of salts of, 
with reagents, 82. 96. 

Rhodium, estimation of, 378. 

Rose lamp, 1 3. 

^Saline mineral waters, analysis of, 
442. 

Saltpetre, refraction of, 478. 

Seleniates, blowpipe test for, 2.58. 
Selenic acid, behaviour ot^ with re- 
agents, 120. 129. 

Selenious acid, behaviour of, with re- 
agents, 102. 111. 

Selenites, blowpipe test for, 2.58, 
Seleniurcts, blowpipe tests for, 258, 
Silica, estimation of, 400. 

Silicates, analysis of, 215. 400. 

— — , estimation of alkalies in,. 403 


Silicates, list of, not decomposable by 
hydrochloric acid, 401. 

Silicic acid, behaviour of, with re- 
agents, 120. 1.31. 

, blowpipe test for, 258. 

, estimation of, 400. 

Silver, analysis of chloride of, 412. 

, analysis of sulphiiret of, 409. 

, estimation of, .369. 

, behaviour of oxide of, before 

blowpipe, 250. 

, behaviour of salts of, with re- 
agents, 82. 97. 

, separation of, from gold, 373. 

, separation of oxide of, from oxides 

of mercury, .376. 

— , use of ammonio-nitratc of, as a 
re.'igent, .36. 

, use of nitrate of, as a reagent, .35. 

Soda, behavit>ur of salts of, before 
blowj)ipe, 240. 

, behaviour of salts of, with re- 
agents, 44. 49. 

, estimation of, .302. 

, separation of, from potash, 303. 

, separation of caustic, from car- 
bonate of, 310. 

, use of, as '<( reagent, 24. 

Sodium, estimation of, 302. 

Soils, note on the analysis of, 481. 
Solids, how to determine density of, 
487. 

Solvents, .3. 

Specific gravity, 486. 

gravity of gases, how to deter- 
mine, 48.9. 

gravity of liquids, bow to deter- 
mine, 486, 488. 

gravity of solids, how to deter- 
mine, 487. 

gravity of vapours, bow to de- 
termine, 492. 

Starch, use of, as a reagent, 37. 

Stilbite, qr.alitative analysis of, 221. 
StTontian, analysis of sulphate of, 406. 

, behaviour of salts of, before 

blowpipe, 240. 

, behaviour of salts of, with re- 
agents, 46. 52. 

, estimation of, 314. 

separation of, from alumina, 

324. 

, separation of, from barytes, 314. 

, separation of, from lime, 317. 

Strontium, c.stimation of, 3 1 4. 

Sugar, detection of grape, 292. 

Sulphate of indigo, use of, as a re- 
agent, 36. 

of barytes, analysis of, 406. 
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Sulphate of lead, analysis of, 406. 

of lime, analysis of, 407. 

of lime, use of, as a reagent, 

32. 

of strontlan, analysis of, 406. 

Sulphates, blowpipe tests for, 258. 
Sulphur, estimation of, in cast-iron, 
411. 

— , Separation of, from carbon, 
437. 

Sulphureous mineral waters, analysis 
of, 450. 

Sulphuret of bismuth, analysis of, 
409. 

of lead, analysis of, 409. 

of mercury, analysis of, 409. 

of silver, analysis of, 409. 

Sulphuretted hydrogen, use of, as a 
reagent, 27. 

Sulphurets, analysis of alkaline, 410. 

, analysis of earthy, 410. 

, analysis of metallic, 407. 

, blowpipe tests for, 259. 

Sulphuric acid, behaviour of, with 
reagents, 120. 132. 

, detection of, in organic mixtures, 

297. 

, estimation of, 405. 

Sulpliuric acid, separation of from 
phosphoric acid, 426. 

acid, use of, as a reagent, 18. 

Sulphurous acid, use of, as a reagent, 

22 , 

acid, behaviour of, with reagents, 

120. 133. 

, estimation of, 407. 

Tantalic acid, behaviour of, with re- 
agents, 6X). 70. 

Tantalum, behaviour of oxide of, be- 
fore blowpipe, 252. 

'J artaric acid, behaviour of, with re- 
agents, 120. 134. 

acid, use of, as a reagent, 22. 

Telluric oxide, behaviour of salts of, 
with reagents, 82. 98. 

Tellurets, blowpipe test for, 259. 
Tellurium, behaviour of oxide of, 
before blowpipe, 252. 

Test-papers, 37. 

glass, 4. 

tube, 5. 

Thorina, bcl);>viour of salts of, with 
reagents, 60. 71. 

, estimation of, 326. 

Tin, analy^s of native oxide of, 
388. 

, behaviour of salts of peroxide 

of, with reagents, 82. 99. 
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Tin, behaviour of salts of protoxide 
of, with reagents, 82. 98: 

, estimation of, 387. 

, means of separating other bodies 
from, 387, 388. 

, use of protocbloride of, as a re- 
agent, 31. 

behaviour of oxide of, before 

blowpipe, 252, 

— - — , separation of, from antimonyt39 1 . 
Titanic acid, behaviour of, vidth re- 
agents, 60. 70. 

, estimation of, 358. 

acid, separation of, from iron, 

cobalt, zinc, and manganese, 358, 
359. 

Titanium, behaviour of oxide of, be- 
fore blowpipe, 252. 

Tungstate of lime, analysis of, 394. 
Tungstic acid, behaviour of, before 
blowpipe, 252. 

, behaviour of, with reagents, 102. 

111. 

— — — , estimation of, 393. 

Uranium, estimation of, 354. 

, behaviour of oxide off before 

!>Iowpipe, 254. 

, behaviour of salts of protoxide 

of, with reagents, 60. 71. 

, peroxide of, 60. 72. 

, separation of iron from, 356. 

, separation of from manganese, 

nickel, cobalt, and zinc, 3.75. 

, separation of phosphoric acid 

from peroxide of, 426. 

Urate of ammonia, detection of, 291. 
Urea, detection of, 290. 

Uric acid, detection of, 291. 

Urine, quantitative analysis of, 290. 

Vanadic acid, behaviour of, before tlie 
blowpipe, 254. 

, behaviour of, with reagents, 

102. 112. 

Vanadium, behaviour of salts of oxide 
of, with reagents, 60. 72. 

Vapours, how to determine density of, 
492. 

Water, estimation of, 439. 

, tests for impurities in, 38. 

, how to determine degree of 

hardness of, 451. 

Waters, qualitative analysis of mineral, 
223. 

, quantitative analysis of mineral, 

• 442 . 
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Wolfram, analysis of, 394. 

Yellow prussiatc of potash, use of, as a 
reagent, 29. 

Yttria, behaviour of salts of before 
blowpipe, 242. 

, behaviour of salts of, with re- 
agents, '^0. 73. 

, estithation of, 325. 

separation of, from earths and 

alkalies, 325. 

, separation of, from peroxide of 

iron, 338. 

Zinc, oxide of, behaviour of before 
blowpipe, 254. 

— , oxide of, behaviour of, with re- 
agents, 62. 73. 


Zinc, estimation of, 349. 

, separation of arsenic acid from 

oxide of, 397. note. 

— , separation of, from copper, 368. 

separation of oxide of, from per- 
oxide of iron, 353. 

, separation of oxide of, from 

oxide of cobalt, 350. 

, separation of oxide ot^ from 

oxide of manganese, 353. 

, separation of oxide of, from 

oxide of nickel, 350. 

Zirconia, behaviour of, before blow- 
pipe, 242. 

, behaviour of, with reagents, 62. 

73. 

, estimation of, 328. 


TJIE END. 
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Thomas IIrwitt Kby, M.A., Professor of Comparative 
Grammar, University College, London. 

IlBNiiY George Liddell, M.A,, Student of Christ 
Church, Oxford. 


Georqe Long, M.A., Professor of Latin, University 
College, London. 

John Smith Mansvirld, M. A., Fellow of Trinity 
College, Cambridge. 

•T. Narrikn, Esq., Royal Military College, Sandhurst. 
William Ramsay, M.A., Professor of Humanity in 
tho University of Glasgow. 

A. Rich, Jun., B.A. 

Leonhard Schmitz, Ph. D., lato of the University of 
Philip Smith, B.A. . [Bonn. 

William Smith, Ph. D. (Editor.) 

Richard Wbstmacott, Jun., Esq. 

Robert Whiston. M.A., Fellow of Trinity College, 
R. N. Wornum, Esq. [Camb. 

James Yates, M.A., F.*R..8. 


“ We do not pretend to have examined this Dictionary throughout } but the articles which we have consulted 
appear to us admirahly done : they are terse in style, and pregnant, yet not cnmbrously so, with accurate knowledge ; 
the best and laLest autiiorities are constantly cited. — It was a work much wanted, will be invaluable to the young 
student, and, as a book of reference (it is a single, handsome, double-columned Bvo), will be most acceptable on the 
library table of every scholar.” — Quarterly Rrvim, June 1842. 

•* As a Dictionary, it is not only the best aid tothestudy of Classical Antiquity which wo possess in onr language, but 
will also tend to develop and serve to guide that refined taste which it is the great object of classical studies to jiroduce.” 

" Valuable as this Dictionaiy must bo to the students of ancient literature, it will be of scarcely less service to the 
students of ancient art ; for the illustrations have been selected with care and judgment, "—Athenceum, .January SO, 1841. 

“ The authorities are, in every instance, carefully quoted ; there is an earnest avoidance of redundancy and repe- 
tition in the article%^ which invariably present tho largest possible quantum of solid knowledge in the suiullest possible 
space ; and we have not been able to detect a single instance of pedantry or false pretension. It is one of the few 
classical productions of English origin which may challenge comparison with the greatest publications of Germany ; it 
stands alone amongst the contemporaneous fruits of European research ; and is destined to become a standard volume 
for universal reference, transmitted, as it is sure to be, tlirough every existing language, and forming, as it does, an 
indispensable manual iu this branch of education.”— June 25, 1842. 

THE CLASSICAL MUSEUM ; ! 

A JOUKNAL OF PHILOLOGY AND OF ANCIENT HISTORY AND LITERATURE. ; 

Part VI., price 4r,, completing Volume II., price 12r, 6d., cloth, j 

The Work will be continued Quarterly. Price of each Part 3». fid. Part VIII. was published on the Ist of July, j 

I 


CLASSICAL DICTIONARIES FOR SCHOOLS. 

A SCHOOL DICTIONARY OF ANTIQUITIES; 

SELECTED AND ABAIDOED FROM THE “ DICTIONARY OP GREEK AND ROMAN ANTIQUITIES.” 

BY WILLIAM SMITH, LL.D., 

Editor of -the “ Dictionary of Greek and Roman Antiquities.” In One small Volume, Illustrated by numerous 
Engravings on Wood. I Of. 6d. cloth. 

• • A NEW CLASSICAL DICTIONARY FOR SCHOOLS ; 

Containing an Account of the Proper Names, Biographical, Mythological, and Geographical, that occur in the 
Greek and Roman Writers. Edited by William Smith, Ll^D. (In preparation.) 

This work will comprise the same subjects as are contained in the well-known Dictionary of Lempridre, avoiding 
its errors, supplying its deficiencies, and exhibiting in a concise form the tet^ of the labours of modem scholars. 
It will thus supply a want that has been Iqng felt by most persons engaged in tuition. The Biographical and 
Mythological articles will be founded upon those In the ” Dictionary of Greek and Roman Biography and Mytho- 
logy the Geographical Articles will be entirely new* 


CLASSICAL AND SCHOOL BOOKS. 

ALLEN’S (DR. A.) NEW GRi®K DE- 

LECTU8 ; being Bcntencea for Tran8llH|on from 
Greek into English, and English into Greek; 
arranged in a systematic progression. By Dr. 

Raphael Kiihner. Translated and edited from 
the German. Snd Edit., revised, ]2mo, cloth, As, 


“ This Delectus consists of sentences for translation, 
both from Greek Into English and from English into 
Greek, arranged in sections undir the several classes of 
inflections and formations ; each section being preceded 
by an alphabetical vocabulary of the words employed in 
it which have not been met with before. It is an analy* 
tieal and synthetical praxis on the forms of the Greek 
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language, communicating, by the way, considerable 
knowledge of the syntax, and information on points con- 
nected with the Greek writers.’’ — Pr<ifiice. 

ALLEN’S (DR. A.) CONSTRUCTIVE 

GUEEK EXERCISES, for teaching Greek from 
the beginning by writing. 2nd Edition, revised 
und enlarged by John Robson, B.A., Assistant 
Master in Univ. College School. 12mo, cloth, 5*. 

** The pupil, on beginning Greek, needs no book be- 
sides this. He lias here Grammai*, Vocabulary, and 
Exercise Rook. After learning to write the alphabet 
with ease, he will re.ijid over the remarks in the first les- 
son, and proceed at once to translate the sentences into 
Greek. One piece of information is communicated after 
anotiier in the most gradual manner, and whatever has 
been loaynt is constantly called Into practice by frequent 
, repetition. Facts are imparted as the pupil wants to apply 
them ; information is given as it is required. 

^^CHYLUS, PROMETHEUS& PERSJ2, 

Accurately reprinted from the text of Wellauer. 

• Edited by Gborojs Long, A.M., Frofessor of 
Latin in University College, London. Fcap. Uvo, 
Is. lid. each, sewed. 

FOUR GOSPELS, IN GREEK, FOR THE 

USB OF SCHOOLS; GaiKSOACH’s Text, with 
the various Readings of Mill and others, Marginal 
References, die. Fcap. 8ro, 3s. 6d. cloth. 

GREEK AUTHORS, SELECTED FOR 

THE USE OP SCHOOLS; containing portions of 
Lucian’s Dialogues, Anacreon, Huincr’s Iliad, 
Xenophon’s Memorabilia, and Horedotus. ]2mo, 
3s. lid. cloth. 

GILLESPIE’S (G. K.) A.M,, FORMATIVE 

GlllfiEK GRAMMAR. 12mo, 3s. 6d. cloth. 

* ‘ This work is designed to facilitate the acquisition of 
the Greek language by the application of the principle, 
that Qrammar will he imre ^ecluallp learned bp ohserv- 
in(j rules for /ornuit>on, than by committing tables of 
examples to memory."— Preface. 

GREEK TESTAMENT ; from Griesbacii’s 

Tkxt, with the various readings of Mill A Scholz. 
Fcap. 8vo, cloth. With Tw'o tinted Engravings, 6#. 

Tills Edition contains a Chronological Table 
consisting of Three Parts — A Harmony of the four 
accounts given by the Evangelists— an Index to 
the Acts of the Apostles— and a Chronology of St. 
Paul’s Life and Writings. 

HARDY’S ANABASIS OF CVRUS,Book 

I., CHAPTKKb 1 to 6. Literal and Interlinear 
Translation of the First Chapter, and a Lexicon 
to the whole, in which the words are divided into 

• their several parts, and Derivatives are collected 
under their respective Roots. 12mo, 3s. 6c{. cloth. 

‘ ‘ This book has evidently been prepared with great care 
and judgment; it is rather a new thing to see so much 
accurate scholarship in a Lexicon for schoolboys. To 
those w'ho do not approve of interlinear translations, the 
work will be as useful as to those who do. It may be 
used independently of the interlinear part. The words 
in the Lexicon are arranged under the roots, whence the 
roots are ascertainable on sound principles ; the crude 
forms of the nouns and adjectives are given, and the in- 
flettions of verbs w'liich occur are rigidR analysed. It is 
ho)>cd tliat works Iim the present wil' nave the effect of 
introducing a more rational system of verbal analysis t^n 
is prevalent in schools generally. "—JEclectic Jieview. 

HERODOTUS, A .SUMMARY OF; by 

Gborgb Long, A.M. With a Table of the Tra- 
v«Lb OF Herodotus, of Commercial Articles men- 
tioned by Herodotus, Chronological Table, &c. 
l2mo, At. cloth, 8vo, 5t. 6<i. 


HERODOTUS, AN INDEX TO; Geo- 
graphical, IlrsTORicAL, &c. Ry the Rev. H. H. 
Davis. 12mo, At. cloth. 8vo, 6r. Gd. 

HOMER’S ILIAD, The First Six Books ; 

with an interpaged Translation, line for line, and 
numerous Notes, 12mo, 6t. Gd. cloth. 

LINWOOD’S (REV. W.) LEXICON TO 

.jESCHYLUS ; containing a Critical Explanation 
of the more difficult Passages in the Seven Tra- 
gedies. 8vo. I5t. t 

** have much pleasure in recommending the work 
to the notice of students, who will derive very great 
assistance from it in the study of iEschylua.” — Classical 
Museum, No. 1. 

THE LONDON GREEK GRAMMAR; 

designed to exhibit in small compass the Elements 
of the Greek Language. Edited by a Qhaduate 
of the University of Oxford. Fifth EdPion. 
]2mo, 3t. 6d. cloth. 

“In this third edition various alterations have been 
made, though the bulk of the book is not tlierehyincreosed. 
It bos been the object in this edition to siuiplHj' still fur- 
ther tlie elements of Greek grammar, and, with this view, 
to lead the pupil to a consideration of tlie etymological 
principles laid down in Mr. Long’s ‘ Observations on the 
Study of the J.atiiiand Greek Languages.’ This, however, 
has only been done so far as would harmonize with the 
general plan of the book, without making it differ mate- 
rially from tlie preceding editions.”— IVi/. to Third Edit. 

* 

PLATO : THE APOLOGY op SOCRATES, 

the CRITO, and part of the Pll.^DO; with Notes, 
(translated into English) from Stall2aum and 
Buhlsiermaciibr’s Introductions. Edited by Dr. 
Wm. Smith. l2mo, 4s. Cd. cloth, 

“ It has been justly considered by many scholars, that 
the Apology of Socrates and the Crito might be read with 
great advantage in the higher .classes of our schools, and 
it has been partly with the view of supplying a suitable 
edition for such a purpose that 1 have been induced to edit 
the present work. The Apologyand the Crito are written 
in an easy style, and are almost entirely free from those 
philosophical discussions which render the greater part of 
Plato’s writings unsuitable for tlie use of schools. They 
also form the best introduction to the study of Plato, fi'om 
the information they convey respecting the life and cha- 
racter of Socrates, of -.vhich it is necessary to have some 
knowledge in order to understand many parts of Plato’s 
writings. ’ ’ — Editor. 

Contents op the Work:— An Intrudurtion to the 
Apology of Socrates— The Apology of Socrates — 
Introduction to the Crito— The Crito — Notes on 
the Apology of Socrates — Notes on the Crito— Part 
of the Pbsedo— Notes on the I’hsedo. * 

TAYLER’S (REV. CHARLES) INTRO- 

DUCTION TO THE ART OF COMPOSING 
GREEK IAMBICS, in Imilaiiou of the Greek Tra. 
gedians, designed for the Use of Schools. 12mo, 
2t. Gd. 

WHAT IS THE POWER OF THE 

GREEK ARTICLE, and how may it bo expressed 
in the English Version of the New Testament? By 
John Taylor. 3t. Gd. cloth. 

WIGGBKS' (Dr. G.) LIFE or SOCRATES, 

translafed from the German, with Notes. i2mo. 
3a. Cd. 

Contents Life of Socrates, by Wiggers— Life of 
Socrates, by Diogtoet Laertius— Scbleiermacher on 
* the Worth of Socrates os a Philosopher. 
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XENOPHON’S ANABASIS. Edited by 

CeoRGB Long, A.M., ProfeMor of Latin in Uni> 
versity College, London. 12mo, cloth. Second 
Edition, with a short Summary, and an Index of 
Proper Names. 

** The text is founded on an examination of MS. 
Readings ; and the Variations of Dindorff, Bomemann, 
and Poppo, are given at the bottom of the page/* 


YATES (J.) M. A., TEXTRINUM ANTI- 

QUORUM; an, Account of the Art of Weaving | 
among the Ancients. Part I.->Ou the Raw Mate- ! 
rials used for Weaving ; with an Appendix on the j 
Period of the Invention of Linen Paper, on Felting, ' 
on Netting, on Pliny’s Natural History, on the ; 
Onomasticon of Julius Pollux. 8vo, with Plates, 
If. 4s. cloth. (Only 260 Copies printed.) 

— “ the whole work is the result of as much learned 
industry as good sense and taste.”’— Cfawfcaf Museum. 


ALLEN’S (DR. A.) NEW LATIN DE- 

LECTUS: being Sentences for Translation from 
Latin into English, and English into I^ttin; 
arranged In a systematic progression. Second 
Edition, revised. 12mo, 4s. cloth. 

“ This Delectus consists of sentences for trarislation, 
both from Latin into English, and from English into 
Latin, arranged in Sections under the several classes of 
inflections and formations ; each Section being preceded 
by an alphabetical vgcabulary of the words employed in 
it which have not been met with before. It is an ana- 
lytical and synthetical praxis on the forms of the Latin 
language, communicating by the way, considerable 
knowledge of the syntax, and information on subjects 
connected with the Latin authors.** —Preface. 

“ The principal feature in this Delectus is that the 
pupil’s acquisitions in grammar are, as he proceeds, 
continually turned to account in translating and com- 
posing Latin. The rules are by this means made more 
intelligible to him, |iid he is led to feelan interest in them, 
derived from the experience of their utility. The plan 
appears to be very well carried out. Amongst some useful 
additions it a table of all the idioms which occur in 
the ysetk.** ^Westminster Review, 67 . 

ALLEN’S (DR. A). ETYMOLOGICAL 

ANALYSIS OF LATIN VERBS. For the use 
of Schools and Colleges. Fcap. 8vo, cloth, ^s. Gfi. 

'* It is manifestly the production of an acute mind, 
working on very extensive stores of information ; and the 
higher classes of Latin students who neglect the atten- 
tive study of this volume will pass over the most complete 
development of the principles of the Latin language that 
has yet appeared in an English form.” — Athenaum, 
June 11, 1836. 

ALLEN’S (DR. A.) ECLOGJl CICERO- 

NIANjE; containing Narrations, Maxims, De- 
scriptions, Charncters, Pliilosophical Pieces, and 
Letters. Selected from the Works of Cicero. 12mo, 
2s. 6(f. cloth. 

CjESAR’S HELVETIC WAR. In Latin 

and English, Interlinear, with the original Text at 
j the end. 12mo, 2s. cloth. 

j CiE^AR FOR BEGINNERS. Utin and 

I English ; with the original Text at the end. 12mo, 

' 3/. 6ri. cloth* 

CAi:SAR.>-BELLUM BRITANNICUM. 

The sentences without points. I2nio, cloth, 2s. 

CHEAM LATIN GRAMMAR. An Intro- 

, ductory Grammar of the Latin Language, taken 
principally from Zumpt. 12mo, 2s. Sd. bound. 

EXERCISES ON C.ffiSAR’S HELVETIC 

WAR. 12mo, Iv. 6d. cloth. 

CICERO.— PRO LEGE MANILIA. 12mo, 

sewed, Ir. 

CICERO.— TABLE OF REFERENCE’ TO 

CICERO’S LETTERS, in one Chronological Series; 
compiled from the edition of C. G. Sohtttz. 12mD, 
sewed, C<2. 

EXTRACTS FROM CAESAR’S COMMEN- 
TARIES ON THE GALLIC WAR ; connected 
by a brief Narrative In English. 12mo, 2s. 6d. bd. 


HALL’S PRINCIPAL ROOTS OF THE 

LATIN LANGUAGE, simplified by a display of 
their incorporation into the English Tongue; with 
copious Notes. Fourth Edition, 12mo,4r.6(l. cloth. 

” By the principal roots of the Latin language, are to 
be understood those only which produce the great body 
of the language ; and such has been the nature of tbe« 
selection, that after these, and the vocabulary of deriva- 
tives, together with the rules for derivation, shall have 
been acquired, a pupil will not require to consult his 
dictionary more than about once, on an average, in every 
two hundred words he may meet with in the authors 
usually read.” — Preface. 

HODGSON’S (PROVOST OF ETON) 

Mytholoov fob Vbbstpication ;or, a Brief Sketch 
of the Fables of the Ancients, prepared to be 
rendered into Latin Verse, and designed for the 
use of Classical Schools. Fourth Edition, 12mo, .Ir. 
cloth. 

” This work is intended to be entirely elementary, and 
the author has made it as easy ns he could, without too 
largely superseding the use of the Dictionary and Gradus. 

By the facilities here afforded, It will be possible, in many 
cases, for a boy to get rapidly through these preparatory 
exercises ; and thus, liaving mastered the first difficulties, 
he may advance with better hopes of improvement to 
subjects of higher character, and verses of more difficult 
composition. ” — Preface. 

HODGSON’S (PROVOST OF ETON) 

Mytholoqia Vxrsibijb LAnsris Accommopata. A 
Key to the above, 8vo, 7s. cloth. 

HODGSON’S (PROVOST OF ETON) 

SELECT PORTIONS OF SACRED HISTORY, 
conveyed in sense for Latin Verses; intended 
chiefly for the uso of Schools. Third Edition, 
12mo, 3s. Gd. cloth. 

‘‘ In this work the author has attempted to combine, 
with fresh facilities in the technical part of the exercise, i 
an introduction to the knowledge of Sacred History. The 
Bible confessedly abounds in subjects well adapted to 
Poetry, and, perhaps, affords examples of such phrase- 
ology as may sometimes less unsuitably be imitateo^ in 
I Latin than In English versiecation."— -/Y^cc. 

HODGSON’S (PROVOST OF ETON) 

BXCEBPTA E TESTAMBNTO VETEBI. A 
Key to the above. Royal 8vo, lOv. 6d. cloth. 

HODGSON’S (PROVOST OF ETON) 

Sacred Lyhics ; or. Extracts from the Prophetical 
andotber Scripturesof the Old Testament ; adapted 
to Latin Versification in the principal Metres of 
Horace. 12mo, Qs. 6d. cloth. 

” The author has endeavoured to adhere to the sacred 
text as dosely as the idiom of the Latin would admit, and 
by these means to introduce the classical student to an 
early acquaintance with the beauties of the prophetical 
Scriptures.”— P»Y/i»ce. , 

LATIN AUTHORS, selected for the, use ( 

of Schools ; Containing portions of Ph^drus, Ovid’s 
Metamorphoses, Virgil’s JSneid, Cvsar, and Taci- 
tus. 12mo, 3s. 6d. cloth. 
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including the Eton Syntax and Prosody in English, 
accompanied with Notes. Edited by a Graduate 
of the University of Oxford. Eleventh edition, 
12mo, 2s. 6d. cloth. 

NEW LATIN READING-BOOK ; con- 

sisting of short Sentences, easy Narrations, and 
' Descriptions, selected from Ceesar’s Gallic War ; 
arranged in a systematic progression. With a 
Dictionary. 12nio, 3r. 6d. cloth. 

“ The plan of this work differs in one important point 
from other works of a similar kind. The sentences have 
been selected exclusively from Casar’s Commentary on 
the Gallic War, instead of being taken from different 
authors, as has usually been the case. There is an 
obvious advantage in this plan ; the same words are con- 
tinually repeated by the same author in a simple natra- 
tive ; and the pupil thus becomes accustomed to bis style, 
and finds thte work of translation grow easier every day, 
which cannot be the case when the extracts are taken 
from many different authors, whose style must of course 
vary exceedingly.”— Pre/tfce. 

SMITH’S (DR. W.) LATIN EXERCISES 

for Beginners. Second Edition, lilmo, 6s. 6d. cl. 

“ These exercises are intended for the use of pupils 
who have not yet learnt anything of the Latin language; 
and they form at the some time s Grammar, Vocabulary, 
and Exercise Book. It has been found by experience 
that many advantages result from this mode of teaching 
the language. It relieves the learner at the commence* 
ment of his study from the drudgery of committing to | 
memory the declensions, conjugations, and rules of syn- ' 


tax, which under the common system he is obliged to do 
before he is allowed to translate an English sentence into 
Latin ; and at the same time it gives him an interest in 
the subject, which is the best guarantee for his progress. 
N 0 form is required to be learnt till it ii actually wanted 
in the composition of a sentence; and the examples, 
which are given under each rule, are so numerous that 
the pupil will find it difficult, even if he wishes, to forget 
the lesson he has been taught.*’ — Prefacr, 

TABLES OF THE INFLEXIONS OF 

THE LATIN LANGUAGE. 12mo, cloth, Gd. 

TACITUS. Germania, Agricola, and B’irst 

Hook of the Annals. With Notes translated into 
English, fi-om Iluperti, Passow, Walch,and Ihit- 
ticber's remarks on the stylo of Tacitus. 12nio, 
Bs., cloth. 

“ This edition of the Germania, Agricola, and First 
Book of the Annals of I'acitus, has been undertaken 
with the view of supplying a deficiency which has been 
experienced by many teachers. The Germania and 
Agricola are the only parts of Tacitus which have been 
hitherto published with explanations in English for the 
use of schools : and it has been justly considered that the 
First Book of the Annals, on account of the interesting 
and important information which it contains, sleserves to 
be more generally read than it is at present in the higher 
classes of our schools.** — Pra/ace. 

VIRGIL’S JENPIID. The First Six Books, 

with an intorpage(l translation, line for line, and 
numerous Notes. Second Edition, 12mo, Gs. Gd. 

The greater part of the notes have been selected 
from the works of Davidson, Adams, Trapp, Ate. 


lEnglts^. 

ADDISON’S ESSAYS ON TASTE AND , 

THE PLEASURES OF THE IMAGINATION. | 
Reprinted from the Spectator. 8vo, 2s. 6d., cloth. | 


AN ELEMENTARY ENGLISH GRAM- ; 

MAR. For the Use of Schools. By R. G. Latham, i 
A.M., Professor of the English Language and ; 
Literature in University College, London. 12mo, : 
4r.6d. cloth. ; 

His comparison of the old Saxon forms with the ! 
modem English, his classification of verba under the | 
heads of weak and strong forms, and bis remarks on the ' 
derivation and construction of English words, afford 
evidence of laborious investigation and research, and are 
a valuable contribution towards reducing our language 
within its proper limits .” — Classical Mvsenm. 

THE ENGLISH LANGUAGE. By R. G. 

Latham, A.M., Fellow of King’s College, Cam- 
bridge, Professor of the English Language and 
Literature, University College, London. 1 vol. 
8vo, 12s. cloth. 

** It is, in truth, a most learned and laborious inquiry 
into some of the more abstruse points in general Gram- 
mar, and in that of the English language in particular, 
commencing with its histoncal descent and connexions, 


and including the causes of many of its peculiarities of 
structure and condition. By the word Grammar, in 
ordinary parlance, is understood a number of rules; 
whereas the work before us, so far as it has attained to 
the character of a well-ordered design, is a repertory of 
the reasons which arc at the bottom of rules.” 

“ The book opens with au elaborate display of the 
orfpnea of the English tongue, of the various languages 
which have contributed their portion to its formation. 
I'he second part enters into an iiivestigaiion of ' sounds, 
letters, pronunciation, and spelling.’ The third treats 
of Etymology in its connexion with what are familiarly 
termed the accidents of the language ; and it contains a 
vast assemblage of facts, forming the ' scantlings’ of a 
true and luminous theory of their origin and causation. 
Parts IV. and V. discuss the subjects of Syntax and Pro- 
sody.”— A^Aenreum, Feb, 5, 1842. 

“ The concluding portions of the book are occupied 
with a logical examination into the Syntax and Prosody 
of our language, and to these it is that we would direct 
the attention of every reader, whether he be desirous 
of obtaining an insight into the structure and r^latioi^ 
of his mother-tongue or not. They will amply repay an 
attentive perusal, clear up many doubts that have pre- 
viously perplexed him, correct errors, explain apparent 
inconsistencies, and open to his view a variety of nice 
distinctions, to which ail who aim at correct composition 
would do well to attend. ’ '—Glasgow Reformer's Gazette, 
July 18, 1842. 


CEfemtan. 


WITTICIIS (W.) GERMAN GRAM- 

MAR. 12nio,6r.6<f., cloth. 

” This book is essentially a practical one. It U the 
result of thirty years! experience in teaching German, 
and, as such, cannot fail of being very useful. Many 
parts of the subject are treated with great ability and 
skill, and we can confidently recommend this Grammar 
to learners of the German language. Becker’s is much 
too philosophical in form and phraseology, at least for 


learners. Mr. Wittieb’s will be found very easy and in- 
telligible. — Eclectic Review, Sept. 1842. 

dl GERMAN FOR BE- 

GINNERS ; or. Progressive Exercises in the Oer- 
man Language. Second Edition. 12mo. 6s. cloth. 

KEY to the above. 

l2mo, 7s., cloth. 
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INTRODUCTION TO A COURSE OF 

GERMAN LITERATURE. In Lectures to the 
Students of University College. London. By Lun- 
- WfO Von MUHI.ENFKI.S, LL.I). 8vo, 7«. 

STORIES. FROM GERMAN WRITERS, 

with H literal Interlinear Translation, on the plan 


recommended by Locke; with a Grammatical 
Introduction and Notes. Second Edition. 2;. 6(t. 

CoNTSNTH .‘—Adam's Death— The Vine— The Child 
of Mercy, by Von Herder— Amyntas, by Gess- 
ner — Duschmanta — The Acorn — The New Crea- 
tion — The Tears, by Krummacher— The Desti- 
nation of Man, by Fichte. 


JFrentfi, 

COMPLETE COURSE of the FRENCH 

LANGUAGE. By P. F. Mbrlet, Professor of 
French in Unlver^ty College, London. 


FRENCH GRAMMAR, divided into Three 
Parts ; the Pronunciation, the Accidence, and 
the Syntax. New Edition. 12mo, bound, 5F.6d. 

“ All the rules we find arranged in this Grkmmar with 
the utmost simplicity and perspicuity, none occupying 
more than two lines ; and arranged in so convenient a 
manner as to render reference very easy. At the same 
time every^le is illustrated by a number of plain prac- 
tical sentences, such as are wanted In the common inter- 
course of life, and are made familiar by exercises of a 
similar kind. The tables of declensions and conjugations 
are also admirably clear. It is almost impossible to 
represent sound to the eye ; yet the rules of pronunciation 
laid down in this book are so systematic and precise, os 
to render them a great help to those who have had some 
oral instruction ." — Monthly Review. 

PRONUNCIATION AND ACCIDENCE, in 
I vol. 12rao,«hound, 3r. 6d. 

SYNTAX. 12mo, bound, 3«. 6rf. 

KEY TO THE FRENCH GRAMMAR, 

12mo, bound, 3«. M. 

LE TRADUCTEUR; or, Historical, Dramatic, 
and Miscellaneous Selections from the best 
French Writers ; on a plan calculated to ren- 
der Reading and Translation peculiarly service- 
able in acquiring the Speaking and Writing of 
the French Language ; accompanied by expla- 
natory Notes; a selection of Idioms, and con- 
cise Tables of the Parts of Speech and of Verbs. 
New Edition. 12mo, bound, 6a. 6d. 

** The author has been careful to select such pieces 
only as are instructive and entertaining, and may be 
placed, without reserve, in the hands of youth of both 
sexes,— to embrace every possible variety in word, phrase, ; 
or sentence, and to afford a ready exemplidcation of the ; 
rules of grammar, by appropriate remarks, and nume- 
rous notm on those peculiarities which form the most 
difficult parts of the French language." — Oentleman’s 
Mayazine, 

PEto TABLEAU LITTERAIRE DE LA 
FRANCE; containing an Essay on French 
Literature, with Specimens of the best Authors, 
from the earliest period to the present time; 
comprising the higher departments of Literature 


and forming a Sequel to “Le Traducteur." 
]2mo, hound, Gr, 

“ The selections have been made with good taste and 
sound judgment. There are explanatory noteg at the 
end. In which the student in French is materially assisted 
in comprehending not only the difficulties, but the beau- 
ties of French phraseology."— AfontA/y Review. 

DICTIONARY OF DIFFICULTIES ; or, 

Appendix to the French Grammar. Second ' ' 
Edition. 12mo, bound, 4r. Containing an 
Explanation of the peculiarities of the French 
Language — Complete List of Adjectives, showing 
why they are placed before or after the Substan- 
tive — Comprehensive List of Idioms, and Pro- 
verbs now in use— List of Conjunctive and 
Adverbial Phrases, showing the manner in which 
they are formed from each other— List of all the | 
Verbs, with their appropriate Prepositions— 
Nature of the French Reflective Verbs — Complete 
List of Synonyms — Free Exercises, gradually 
increasing in difficulty — Mercantile Expressions, 
Phrases, and Letters — Elements French 
Composition. 

SYNOPSIS OF THB FRENCH LANGUAGE. 
12mo, cloth, 2s. Gd. 

TABLE OF ALL THE FRENCH PARTS ! 
OP SPEECH AND ALL THE VERBS. 

, Printed on a Card. 6ti. i 

SISMONDI ; The Battles of Cressy and ; 

Poictiera, in French and English, Interlinear, on I 
Locke’s plan ; with Grammatical Notes and the 
Original Text. 12mo, 2s, Crf. 

GILLESPIE’S (G. K.) FORMATIVE 

FRENCH GRAMMAR ; containing Rules for 
forming all the Inflexions of the language. 12mo, 

If. 

KEY TO THE FRENCH 

GENDERS ; an Analysis of the Terminations ot 
all the Substantives in the Language, exhibited in 
a Tabular Arrangement, by which the Gender of 
any French Noun may be Instantly ascertained. 
9 ( 1 . 


Italian. 


PANIZZrS (DR.) EXTRACTS FROM 

ITALIAN PROSE WRITERS. 1 thick voL 
ISmo, IOf. 6d. boarda • 

tIST OP AUTHOHS. 

Alfleri~-Algarotti— Baldi— Barelti — Bembo — Benti- 
vogllo— Boccaccio — Caro — Castelvetro — Castiglione— 
Ceillni-— Colombo— Coatanxo— Davila — Filanglerl— Fi- 
lentuola— FomioIo — Galilei — Goxxl— Guicciardini — 


Machlavelli — Magalotti — Manzoni — Metastasio — Pin- 
demonte— Porto — Tasso— Test! — Tiraboschi — Varchi— 
Vasari. W ith three stories from Novelle Antiche. 

** This Is a most useful little volume, the compilation 
of Signor Panizzi,* containing choice extracts from the 
best writers in the Italian language. We can safely re- 
commend It as a text-book for all who apply themselves 
to the Italian language, as weU suited to the object it pro- 
fesses to have in view."- New Monthly Magazine. 
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CLASSICAL AND SCHOOL BOOKS — Continued. 

PANIZZrS (DR.) ELEMENTARY ITALIAN GRAMMAR. 

12mo, 3i. bound. 

STORIES FROM ITALIAN PROSE WRITERS, in Italian and English, Jnterlinear^ on 

Locke’s plan, with the Pronunciation marked. Grammatical Notes, and the Original Text. l2mo, 
2s. G(i. cloth. 

CONTENTS. 

A Visit to England and Holland ; a Visit to England to buy Horses; by Alfieri, — A very learned 
Dream ; a Physician in the Seraglio at Consuntinople ; by Baretti.— A Gambler justly Punished ; the I 
Countryman Outwitted ; by Castiglione. — Labour and Idleness, by Filangieri. 




HURWITZ’S (PROFESSOR) GRAMMAR 

OP THE HEBREW LANGUAGE. Third Edi- 
tion, revised and enlarged. Hvo, 17 s. cloth. 

“ Mr. Hurwitz’s Grammar is greatly recommended by 
his coming down to beginners, as they really are, whilst 
most grammatical works seem to be written only for stu- 
dents, as they should be, according to the theories of 
grammarians, who forget the difficulties with which they 
themselves were once entangled. The tables of Ilurwitz 
are more complete than those of other Hebrew Gram- 
mars." 

“ Mr. Hurwitz’s Grammar is the best elementary work 
of its kind extant in the English language.*’— Journal 
Education, No. 9. 

“ There is a philosophical tone throughout the work. Its 
observations are addressed to the understanding, and the 
memory is considered only as an accessory faculty." — 
Atlas, June 12, 1831. 

“ Mr. Hurwitz has given to the world a Grammar 
which, for lucid arrangement, has been rarely equalled. 
It is a work which may be understood by a child, and yet 
the most advanced proficient may consult It with advan- 
tage.” — Athenenum, June 18, 18J11. 

ETYMOLOGY & SYNTAX 

OP THE HEBREW LANGUAGE. Third Edi- 
tion, considerably enlarged. Rvo, \2s., cloth. 

ELEMENTS OF THE HE- 
BREW LANGUAGE. Third Edition, 8/(.,5s 6d. 
cloth. 

“ It is the best Hebrew Spelling Book now extant in 
the English language.’’— Journal q/ Education. 


GENESIS (BOOK OF), in English He- 
brew, aocompanied by an Interlinear Translation, 
substantially the same as the authorised Englisli 
Version, Philological Notes, and a Grannnatical 
Introduction. By William Qubenfield, M.R.A.8. 
Fourth Edition. Rvo, 8s., cloth. 

The same, with the Original 

Text in Hebrew ohnrActcrs at the end. 8vo, JUa. 6d. 
cloth. 

“ 1 take this opportunity of acknowledging my obliga- 
tions to an elementary work, which should be in the hands 
of all self-taught students—* The Book of Genesis In 
English Hebrew, by William Greenfield.’ The great ob- 
stacle to the solitary beginner is the rending and pronun- 
ciation. In learning a strange written language. Nature 
teaches us to employ three instruments— the eye, the ear, 
and the mouth ; the eye for the appearance of the word, 
the ear for its sound, and the mouth for the mechanical 
formation of the syllables. Encli oftheso operations con- 
tributes to support the memory. If either of them be 
absent, one channel of memory is closed. In my first 
attempts at Hebrew, the ear and the tongue were idle, 
because I had no test of pronunciation. ' 1 was miided by 
the look of the word alone ; and it frequently happened 
that 1 consulted the Lexicon for the same word of which 
1 had ascertained the meaning in the preceding verse. 
Could 1 have pronounced the word, I should have been 
certain as to its identity. Mr. Greenfield has invented 
a simple method of approximation in English letters to 
the received method of pronouncing the original." 

From “ Suggestions respecting the Neglect of the He- 
brew Language as a qualification for Holy Orders. By 
Richard William Jelf, B.I>., Preceptor to his Royal 
Highness Prince George of Cumberland, and Canon of 
Christchurch, late Fellow and Tutor of Oriel College." j 


INTERLINEAR TRANSLATIONS. 

FOR SCHOOLS, PRIVATE STUDENTS, AND PERSONS WISHING TO RECOVER 
THEIR KNOWLEDGE OF LATIN AND GREEK. 


LOCKE’S SYSTEM OF CLASSICAL INSTRUCTION, restoring the Method of 

Teaching formerly practised in all Public Schools. The Series consists of the following Interlinear 
Trsnslations ; with the Original Text, in which the quantity of the doubtful Vowel* is denoted; 
critical and explanatory Notes, &c. 


" We do amiss to spend seven or eight gears in scraping together so much miserable Latin and Greek, as may 
. be learned otherwise, easily and delightfully, in one vear.’’— M ilton. 

By means of these Works, that excellent System of Tuition is effectually restored, which was 
established by Dean Colet, Erasmus, and Lilly, at the foundation of St. Paul's School, and was then 
ted by authority of the State, to be adopted In all other Public Seminaries of Learning throughout 
the kingdom. Each volume, 2t. 8d. 


Latin. 

1. pH^snans's Fables op .Esop. 

2. Ovid’s Metamorphoses. Book I. 
a Vi boil's .Enkid. Book I. 

4. pARsmo Lessons to Virgil. 

5. CiGSAR’s Invasion of Britain. 

6. Tacitus’s Life of Agricola. Part L 


Gruk. 

1. Lvcian’s DiALooines. Selections. 

2. *Thb Odes of Anacreon. 

.3. Homer’s Iliad. Book L 

4. Parsing Lessons to Homer. 

5. Xenophon's Memorabilia. Book L 

6. Herodotus's Histories. Selections. 
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INTERLINEAR TRANSLATIONS—Continued. 

Italian, | French. 

Stohibk fkom Italian Writers Alfieri, I Sishonui ; the Battles of Creasy and 

BaRBTTI, CaITIOLIONE, &C. I , POICTIERS. 


German. 

Stobies from German Writers. 

Th« Connexion of the several Parts, as well as the general Principle and Authority of the whole Series, is 
exhibited at large in 

An Essay, explanatory of the System. 12ino . . 2s. Gd. 

t Also, to accompany the Latin and Greek Series, 

The Loni>om Latin Grammar. 12mo . . . . . , . 2«. 6<i. 

The London Greek Grammar. 12mo 3s. 6d. 

iSlet^olT of Jbtutrs. 


The course of Study to be pursued in the use of these 
Books is fully developed in the preface to each volume : 
but the principal directions there detailed may he thus 
briefly presented at one view. 

1. Let the student of the Latin language commence 
with the Fables of PHiEDRUs, and by the aid of the 
Interlinear Translation and Notes, make himself tho- 
roughly master of the sense of each Fable in theAtngle 
Latin Texti SO thoroughly as to be able not only to ren- 
der the original, word for word, into English sentences, 
but also, when examined' without the book, to give the 
English for each Latin word, and, again, the Latin for 
each English, unassisted by the connexion of the story. 

% Haring acquired from Phaedrus a considerable 
number of common Latin words, without attempting 
their grammatical analysis, let him proceed, in exactly 
the same manner, with the First Book of Ovid’s Meta- 
morphoses, which will make a large addition to bis vo- 
cabulary in words of less common use. The reading of 
this book should be accompanied with the study of the 
Accidence, as given in the London Latin Grammar. 
Taking small portions at a time, as, for instance, the 
flrst declension of Nouns with the first lesson of Ovid, 
the student should remark what words in the lesson ap- 
pear to correspond in form to any of those cases,— and 
so on, till the distinction of the Parts of Speech is clearly 
underKtood, and the Tables of Declension are learned 
by heart. 

3. The regular inflections of the language being thus 
acquired from the examples in the Grammar, let him 
take up the First Book of Viroil's .Snbid, and after 
construing the Latin text, as in Phaedrus and Ovid, 
according to the Interlinear Translation, let him learn 
to analyse each sentence from the supplementary volume 
of Parsing Lessons ; which will enable him not only to 
Rkaign %very word in each lesson to its proper part of 
speech, but to give a full description of its peculiar mo- 
dification, if inflected from its simple form. In this 
stage of his course he will derive great benefit fh>m fre- 
quently altering the signs and forms of nouns and verbs 
in the single English Version, so as to require the use of 
diflbrent cases, tenses, Sec. of the same Latin word— an 
exercise which will give him complete power over the 
I^Uclions of the language. 

4. Let him now proceed with Casar’s Invasion of 
Britain; and accompany each reading with a small 
portion of the Latin Synicus, in the tame manner as he 
accompanied Ovid with the Accidence of the Grammar. 
This will gradually render him familiar wlthvthe Con- 
sttwHon of the language. The style of the Commen. 
taries is remarkably easy of Constniction, and therefore 
peculiarly adapted for this exercise; which is fotther 
foeilitated by the Rules of Syntax, in the London Latin 
Grammar, being principally exemplified' from this part 


of Ceesar, and the Book of Virgil's .Sneid already ana- 
lysed. After finishing Cmsar, he should recur to the 
Virgil, which he before used only as a praxis of ififleetton, 
and make himself master of the construction by the rules 
of Syntax, and also of the scanning of each line by the 
rules of Prosody. 

6. In reading the Life op Agricola by Tacitus, he 
should endeavour to combin« in each lesson the exercises 
of inflection and construction which hitherto he has taken 
separately; describing single words according to their 
several declensions, and compound phrases according to 
their several dependencies. 


In learning the Greek language, precisely the same 
method may be followed in the correspondent Parts of 
the series. 

1. Lucian’s Dialogues fomish a copious Vocabulary 
as the elementary volume. 

2. Anacreon’s Odes present a variety of simple sen- 
tences, from which to distinguish the Parts of Speech, as 
given in the London Greek Grammar. 

3. Homer's Iliad, accompanied by the supplementary 
volume of Parsing Lessons, involves a complete Praxis 
in the Inflections of the language. 

4. Xenophon’s Memorabilia give an introduction to 
Syniax, which will be further familiarised by recurring 
to the Iliad. 

5. Herodotus’s Histories supply an interesting sub- 
ject-matter, on which to practise in combination the 
various exercises separately performed In the previous 
volumes. 

After thus going through the Latin or Greek series, * 
the student is strongly recommended to recur to the 
earlier volumes, in the same order as before, and to 
exercise the whole of his grammatical knowledge in 
each of those parts, as well as in the last, using the 
Inierlinear TramlaHon as little as possible, and giving 
more attention to the Notes than in his flrst reading. 

By (he completion of this Elementary Course, he will 
not only be perfectly competent to enter on the reading 
of other Classic Authors, without the aid of a translation, 
but will be prepared with a valuable store of words and 
phrases for Greek and Latin Composition. The practice 
of writing In each language according to these models 
will ensure a critical acquaintance with their peculiar 
delicacies: and sdtboogb, in comi^^enclng a new author, 
the young learner must require lome assistance fh>m 
judicious commentators, yet, as far as the language is 
concerned, be may rest assured he Is already in passes- 
Sion of Its leading properties and powers. 
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MATHEMATICS AND NATURAL PHILOSOPHY. 


MATHEMATICS, 


DE MORGAN’S (AUGUSTUS) ELEMENTS OF ARITHMETIC. Fourth Edition. 


> Iloyal 12mo, 4«. cloth. 

“ Instead of merely learning a number of rules by rote, 
the pupil learns to refer everything to reason, ana he is 
taught how to do so ; and thus he will often be able to 
ascertain the meaning of an ambiguous passage, or sup> 
ply the defect of ap imperfect proof. It is only thus that 
any knowledge of the principles of Arithmetic can be 
acquired ; and although it is not necessa^ to resort to 
those considerations to attain practical facility in perform- 
ing arithmetical operations, we have little doubt that this 
will be gained quite as rapidly under instruction, such 
as Professor De Morgan’s treatise affords, as it is from 
the old course of mere rules and examples, and it will cer- 
tainly be gained better .” — Journal of Education, No. I. 

"Since the publication of the first edition of this 
work, though its sale has sufiiciently convinced me that 
there exists a disposition to introduce the principle* of 
arithmetic into schools, as well as the practice, I have 
often heard it remarked that it was a hard book for 
children. 1 never dared to suppose it would be other- 
wise. All who have been engaged in the education 
of youth are aware that it is a hard thing to make them 
think ; so hard, Indeed, that masters had, within Che 
last lew years, almost universally abandoned the at- 
tempt, and taught them rules instead of principles ; by 
authority, instead of demonstration. This system is 
now passing away ; and many preceptors may be found 
who are of opinion that, whatever may be the additional 
trouble to themselves, their pupils should always be 
induced to reflect upon, and know the reason of, what 


they are doing. Such 1 would advise* not to be discour- 
aged by the failure of a first attempt to moke the learner 
understand the principle of a rule. It is no exaggeration 
to say, that, under the present system, five years of a 
boy’s life are partially spent in merely learning the rtilea 
contuned in this treatise, and those*, for the most part, 
in so imperfect a way, that he is noc fit to encounter 
any question unless he sees the head of the book under 
which it falls. On a very moderate computation of the 
time thus bestowed, the pupil would he in no respect 
worse off, though he spent five hours on every page of 
this work. The method of proceeding which 1 should 
recommend would he as follows Let the pupils be 
taught in classes, the master explaining the article as 
it stands in the work. Let the former, then, try the 
demon.stration on some other numbers proposed by the 
master, which should be as simple as possible The 
very words of the book may be used, the figures being 
changed ; and it will rarely be lound that a learner is 
capable of making the proper alterations, without under- 
standing the reason. 'The experience of the m.ister will 
suggest to him various methods of trying this point. 
When the principle has been thus discussed, let the rule 
be distinctly stated bv the master, or some of the more 
intelligent of the pupils ; and let soine very simple exam- 
ple be worked at length. The pupils may then be dis- 
missed, to try the mote complicated exercises with which 
the work will furnish them, or any others which may be 
proposed.’’- i*»*<*/oce. a 


ELEMENTS OF ALGEBRA, preliminary to the Differential Calculus, 

and fit for the higher classes of Schools in which the Principles of Arithmetic arc taught. Becond 
Edition. Royal lamo, 9*., cloth. 

" What a benefite that onely thing is, to have the witte whetted and sharpened, I neade not travell to declare, sith 
all men confesse it to be as ^eate as maie be. Exceptc any witlesse persone thinke be maie bee to wise. But he that 
moste feareth that, is leaste in daunger of it. Wherefore to conclude, I see moare menne to acknowledge the benefits 
of nomhre, than I can espie willyng to studie, to attaine the henefites of it. Many praise it, but fewe dooe greatly 
practise it. W'herein the desire and hope of gain, maketh many willyng to sustain some travell. For aide of whom, 1 
did sette forth the fiivite parte of Arithmctike. But if thei knewe how farre this seconde parte dooeth ezcell the first, 

E arte, thei would not accoumpte any tyme loste that were emploied in it. Yea thei would not thinke any tyme well 
estowed, till thei had gotten soche habilitie by it, that it might be their aide in al other studies.”— RoAerf Hecorde. 

ELEMENTS OF TRIGONOMETRY & TRIGONOMETRICAL 

ANALY^SIS, preliminary to the DifiTerential Calculus ; fit for tho.>o who have studied the Principles of 
Arithmetic and Algebra, and Six Books of Euclid. Royal 12mo, !)x., cloth. 

" Tont que TAlgSbre et la Q^om^trie ont feW s^parees, leurs progrfes ont 6t6 lents et leurs usages born^s ; mats 
lorsque ces deux sciences se sent r^unies, elies se sent pr£ides des forces mutuelles, et ont marchd ensemble d'un pas 
rapide vers la iierfection.” — Lagrange, 

— CONNEXION OF NUMBER AND MAGNITUDE ; an Attempt 

to Explain the Fifth Book of Euclid. Royal 12mo, 4#., cloth. • • 

*iit* This Work is included in the Elements of Trigonometry. 

— — FIRST NOTIONS OF LOGIC, preparatory to the Study of Geome- 

try. Second Edition. Royal 12mo, It. 6d. sewed. 

" The Author drew up the * First Notions of Logic ’ from having observed that most students who begin Geometry 
are extremely deficient in the sort of knowledge which it contains, to their great hindrance in all branches of science, 
even in learning the principles of Arithmetic demonstratively. He recommends that youths who are trained in 
Arithmetic from his work should leam the elements of Logic at the same time, as a help to the precise conception of 
the connexion of words with each other, and as a preparation for the study of Geometry.” 

BARLOW’S TABLES OF SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, 

an«* RECIPROCALS, up to 10,000. Stereotype* edition, examined and corrected. Cinder the Super- 
inundenee efthe Society for the Diffution of Vteful Knovofkdge. Royal 12mo, price 8s. 

" They will be found useful to the more scientific class of Engineers and Surveyors, for immediately obtaiidng 
results which are now usually got by logarithmic calculation, or the sliding rule ; to actuaries (in the table of recipro- 
cals) i to schoolmasters, for obtaining examples of the ordinary rales of Arithmetic ; to all, in fact, who are calculators 
<^oice or necessity, though of course to some more than to others.”— P^r/ace. 
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MATHEMATICS AND NATURAL PHILOSOPHY—Continubd. 

TABLES OF LOGARITHMS, COMMON AND TRIGONOMETRICAL, TO FIVE 

PLACES. Under Uie Superintendence nf the Society for the Diffusion of Useful Knowledge. Fcap. 8vo, 
3s., sew^d. 

The present work has been undertaken in imitation of the Tables of Lalande, so well known both in 
England and on the Continent. It differs from most modem English works in the use of old numerals, 
which are formed with heads and tails, as in common handwriting. It is believed that such figures 
are much more legible, for their size, than those in common use, and very much less likely to be mistaken 
one for the other ; so that the present work may compete with others which employ a larger type, but in 
which distinctness of form in the figure is sacrificed to uniformity of size. 

At the end of the Trigonometrical Table will be found — 1. A Table of the Logarithms of Sines for 
every second of the first 9 minutes, and also for every tenth of a minute in the first degree. 2. A Table of 
Constaifts, mostly taken from that at the end of Mr. Babbage’s well-known tables. 3. A small Table of 
the Logarithms of 1. 2. 3 x, for facilitating complicated questious of permutation. 

FOUR FIGURE LOGARITHMS AND ANTI-LOGARITHMS, on a Card. . Price Is. 

“ Much of the trouble of using Logarithms arises— 1. From the necessity of turning leaf after leaf of the book to 
arrive at the proper page ; and 2, in a minor degree, from tho process of finding the number to a logarithm being 
somewhat more difficult than that of finding the logarithm to a number. In the four flgur elognritbms they are both 
avoided, since the whole table of logarithms to numbers is on one side of a card, and the smallness of the table enables 
another table, as extensive, of numbers to logarithms to be entered on the other side of the card.” — Companion 
to the British Almanack, 1841. 

LOGARITHMIC SINES, COSINES, &c., TO FIVE PLACES OF DECIMALS. 

Printed on Card, Is. 

REINER’S LESSONS ON FORM ; or, an Introduction to Geometry, as given in a 

Pestalozzian School, Gheam, Surrey. 12mo, with numerous Diagrams. 6 j. cloth. 

“ It has been found in the actual use of these lessons for a considerable period, that a larger average number of 
pupils are brought to study the Mathematics with decided success, and that all pursue them in a superior manner. 
There is much less §f mere mechanical committing to memory, of mere otiose admission and comprehension of 
demonstrations ready made, and proportionably more of independent judgment and original reasoning. They not 
only learn Mathematics, but they become mathematicians.”— ifrv. Dr. Mayo. 

LESSONS ON NUMBER, as given at a Pestalozzian School, at Cheam, 

Surrey. Second Edition. Consisting of 

THE MASTER’S MANUAL. 12mo, 4*. 6rf., cloth. 

THE SCHOLAR’S PRAXIS. 12mo, 2s., bound. 

Sold separately. 

The parent will be much assisted in his task, if he has by him the excellent ‘ Lessons on number as given at a 
Pestalozzian School, Cheam, Surrey.’ This work should be in the hands of every one who teaches the first rudiments 
to Arithmetic.” 

” Another important merit of the work consists in the manner in which, in its earliest pages, the idea of Number 
is extracted from the consideration of the objects by which it roust, in the first instance, be exemplified. It is done 
without any parade of abstraction, but successfully and completely.” — Journal of Education. 

LARDNER’S (DR.) ELEMENTS OF EUCLID, with a Commentary and Geometrical 

Exercises ; to which are annexed a Treatise on Solid Geometry, and Bbort Essays on the Ancient Geome* 
trical Analysis and the Theory of Transversals. Eighth Edition. 8vo., Is., boards. 

RITCHIE’S (DR.) PRINCIPLES OF GEOMETRY, familiarly illustrated, and applied 

to a Tontij of useful purposes. Designed for the Instruction of Young Persons. Second Edition, 
, .revised and enlarged. 12mo, with 130 Woodcuts. 3«. 6(f., cloth. 



Dr. Ritchie’s little elementary work is excellently well adapted to its object. It is brief, plain, and full of all that 
is necessary ; curious and useful In its application, and beyond any other of the kind now existent in its familiar and 
distinct explanation of some of the instruments required in the practical application of the principles laid down and 
dssnotistrated.” — Spectator, Sept. 7, 18M. 

*' This Lb the best introduction to Geometry that exists in our language ; it is Just the work by which a parent may 
be enabled to instruct his children In the elementary pnnciples of the science, though his own knowledge of it be 
neither deep nor extensive. The practical ap^ications which are added must render the study very delightful to 
the young, since the exercises on the principles wiU be found as amusing as the ordinmy sports of childhood.” — 
AUueneeum. 

WEDGWOOD (H.) M.A., THE PRINCIPLES OP GEOMETRICAL DEMONSTRA- 

TION, deduced from the Original Conception of Bpeoe and Form. 12mo, 2r. eloth. 
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LARDNER (Dn.) THE STEAM-ENGINE EXPLAINED AND ILLUSTRATED ; 

with an Account of Ita Invention and progrewlve Improvement, and Its applicntion to Navigation and 
Railways ; including also a Memoir of Watt. Seventh Edition. Illustrated by numerous Engravings 
on wood, and a portrait of Watt. 8vo, cloth, 12jr. 



CONTENT* ; 


Chapthr I. Preliminary Matter— Chap. II. Engines 
of Savery and Newcomen.— Chap. III. Early Career 
and Discoveries of James Watt,— Chap. IV. Exposition 
of Physical Principles. — Chap. V. Further Discoveries 
of Watt.— Chap. VI, Watt’s Engines. — Chap. VII. 
Double-acting Engine. — Chap. VI 11. Double* acting En- 
gine.— Chap. IX. Boilers and Furnaces.— Chap. X. Life 
of Watt. 


CHAPTER XI. 

LOCOMOTIVE ENGINES ON RAILWAYS. 

High-pressure Engines.— Effects of Railway Trans- 
port. — History of the Locomotive Engine.— Liverpool 
and Manchester Railway.— Experimental Trial. — Pro- 
gressive Improvement of Locomotive Engines.— Detailed 
Description of the most Improved Locomotive Engines. 
—Dr. Lardner’s Experiments on the Great Western 
Railway — Methods of surmounting steep Inclinations. 


CHAPTER XII. 

LOCOMOTIVE ENGINES ON TURNPIKE ROADS, 

Railways and Stone Roads compared. — Gurney’s Steam 
Carriage.— Two methods of applying Locomotive Engines 
upon common Roads.— Hancock’s Steam Carriage. 

CHAPTER XIII. 

STBAM NAVIGATION. 

Form and Arrangement of TjHarma Engines.— Common 
Paddle-wheel.- Improved Efficiency of Marine Engines. 
—Iron Steam Vessels.— Steam Navigation to India. 

CHAPTER XIV. 

AMERICAN STEAM NAVIGATION. 

Steam Navigation first established in America — The 
Hudson navigated by Steam.— Extension and Improve- 
ment of River Navigation. — American Steamers. — 
Difference between them and European Steamers.— 
Steam Tugs. 


MECHANICAL DIAGRAMS. By Frederick I. Minasi, Lecturer on Natural Philo- 
sophy, &c. For the use of Lecturers, Philosophical Classes, and Schools. Complete in Five Numbers, 
each containing Three Sheets of Diagrams, price 3*. each Number, coloured, illustrating the following 
subjects:— 


I St 2. Composition of Forces. 

8. Equilibi'um. 

4 & 6, Levers. 

6. Steelyard, Brady Balance, and Danish Balance. 

7. Wheel and Axle. 


8. Inclined Plane. 

9, 10,}]. Pulleys. 

12. Htmter’s Screw. 

18<tl4. Toothed Wheels* 

15. Combination of the Mechanical Powers. 


The Diagrams are printed upon large sheets of paper, measuring 2 feet 11 inches by a feet. Thia tize will be 
found suited for large lecture-rooms. 
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WORKS PUBLISHED BY TAYLOR AND WALTON, 


MATHEMATICS AND NATURAL PHILOSOPHY— Continubd. 

TWELVE PLANISPHERES, forming a Guide to tjie Stars for every Night in the Year, 

with an Introduction. 8vo, cloth, 6r. 6d. 

YOUNG’S (THOMAS, M.D.) LECTURES ON NATURAL PHILOSOPHY AND 

THE MECHANICAL ARTS. 'A New Edition, with Rbferbncbs and Notes. By the Rev. P. 
Kelland, M.A., F.R.S, Lond. and Edinb., late Fellow of Queen’s College, Cambridge, Professor of 
Mathematics, &c. in the University of Edinburgh. ’ 

The Work, when completed, will form one octavo volume, with an octavo volume of Plates. It will 
be published in eight or nine monthly parts, each containing 80 pages of letterpress, demy 8vo, with 
five 4to Plates, folded Into 8vo. Part VI. was published on the Ist of July, 1845, price 2s. (id. ► 

All the Plates belonging te the Original Work will be given in this edition. 


EDUCATION. 


EDUCATION (THE) OF THE FEELINGS. Fcap. 8vo, 4s. cloth. 

“ To urge the great importance of moral education— to show the bearing of a few great truths upon it— to point out 
the natural laws which the Creator has established by which the feelings are to be tmined and cultivated, is the object ' 
of this work.” — Pre/ace. 

HICKSON’S (W. E.) DUTCH AND GERMAN SCHOOLS ; an Account of the present 

state of Education in Holland, Belgium, and the German States, with a view to the practical steps 
which should be taken for improving and extending the means of Popular Instruction in Great Britain 
and Ireland. 8vo, 2t. 6d. cloth. With Arcliltectural Plans. 

“ The work before us has the merit of giving a really comprehensive view of the whole question in a cheap and 
readable form. The author is one of the Commissioners of Inquiry into the state of the Hand-loom Weavers ; and 
few persons have had better opportunities of observing how closely the interests of the working classes are dependent 
upon the progress of a sound system of national education. The work is rendered complete by the addition of a 
tasteful elevation and ground plans of a design of a building, suitable for the combined purposes of a Day-schoo) and 
Lyceum. We hope ^le time is not distant when Institutions, upon the plan described, will be Wnd in every part of 
the United Kingdom."— IFcstminstej'Eevicw’, Dec. 1840. 


BROWN PAPER LENDING LIBRARY. 


TUCKFIELD’S (Mrs. HIPPISLEY) EVENING READINGS FOR DAY SCHOLARS. 

Part I.— Selkctions from the Bible and Afocrvpra. III. Natural Historv. Mammalia. 12mo, sd. 1«. 6d. 
Part II.— Proverbs, Maxims, and Anecdotes. sheets for mounting, 2s. 

1 vol. 12mo, 3^. (id. cloth. As Little Horn Books. In Paper Packets, 4s. Cut. 

Part III.— Natural History— Mammalia. In Horn Books the matter is broken up 

into Short Lessons, and oacb Lesson is pasted on thick 
The Work may also he had as follows : — brown paper. These are intended to serve as Night 

I. Scripture REAniNOS. 12mo, sewed, 1#. Qd. Readings for Day Scholars. The difficult words in 

In sheets for mounting, 2s. . each Lesson are carefully defined. 

As Little Horn Books. In Paper Packets, 4s. 6d. Part III. will he found us^ul as a Companion to the 
II. Proverbs, Maxims, and Anecdotes. 12mo. sewed, Prints of Animals published by the Society for Pro- 
U.6d. In sheets for mounting, 2;. moting Christian Knowledge. 

As Little Horn Books- In Paper Packets, 4«. 6(i. 

“ Mrs. Hippisley Tuckfleld'a Evening Readings are published with the view of providing something which children 
in dav i»''hool8 may take home with them, and learn in the evening. They are printed on separate cards, and are, 
divided into three series. We have no hesitation in saying that the idea is a very valuable one. It is impossible, in 
five hours’ schooling, to convey much information ; but hitherto the expense of books has prevented any attempt to 
carry on Instruction out of school hours.” 

” The technical terms In the ‘ Natural History of the Mammalia ’ are explained with great clearness, and every 
page of description so interspersed with anecdote, that it would be impossible to put into the hands of children a 
more useful or fascinating work connected with any branch of natural blBtory.”— Westminster Jleview, Dec. 1842. 

TUCKFIELD’S (Mrs. HIPPISLEY) LETTERS TO A CLERGYMAN, on the Best 

Means of Employing Funds for tee Education of the Lower Orders. Fcap. 8vo, 2s. 6d. 

” We ore unable to do more than direct attention to Mrs. Tuckfield’s * Letters to a Clergyman,’ although they con- 
tain, in a small compaae, matter of the deepest import. She lays sreateet stress on what is really of greatest import- 
ance, namely, training establishments for teachers, male and female. For those who are about to establish schoou for 
the poor, we earnestly recommend the second and fifth Letters, as putting In the dearest light the necessity and the 
means of training teachers. The fifth Letter, we belifve, describes no ideal plan, but an establishment actually at 
work. It cannot oe too often repeated, that on^this one point eveiything depends.” — Westminster Review, 67. 

TDCKFIELD’S (Mrs. HIPPISLEY) EDUCATION FOR THE PEOPIE. 

L Pastoral Teaching. | IV. Instruction of the Deaf and Dumb. 

II. Village Teaching. 

III. The Teacher's Text-Book. 


Fcap. 8yo, tis . 
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HINTS TO MECHANICS ON SELF-EDUCATION AND MUTUAL INSTRUCTION. 

By Timothy Claxton. People's Edition. Fcap Uvo, 2s. bewed. 

“• the amusing book before us, which has all the ease and simplicity of De Foe, and the exemplary utility of 

Franklin. To the mechanic It offers at once an example and a pleasant companion in the pursuit of knowledge, 
and to the general reader it affords a deep Insight into those labouring classes wldch are the sinews of the nation."— 
Civil Engineer and Architect’s Journal, Feb. 1839. 

“ We repeat, we have seldom read a work which has delighted us more ; and we feel convinced that no bette^gift 
could be bestowed upon a working man than a copy of It.”— Educational Mug., Feb. 1839. 


SINGING. 


THE SINGI^JG MASTER. Fourth Edition. Revised and Corrected. 8vo, 10s. 6cl. 
No. I.— FIRST LESSONS IN SINGING AND THE NOTATION OF MljSlC. 

Containing Nineteen Lessons in the Notation and Art of Reading Music, as adapted for the Instruction 
• of Children, and especially for Class Teaching, with Sixteen Vocal Exercises, arranged as simple two- 
part Harmonies. Medium 8vo. Price 2s. 

No. II.—RUDIMENTS OF THE SCIENCE OF HARMONY, OR THOROUGH-BASS. 

A General View of the Principles of Musical Composition, the Nature of Chords and Discords, Mode of 
applying them, and an Explanation of Musical Terms connected with this branch of the Science. 1«. 6d. 

No. HI.— THE FIRST CLASS TUNE-BOOK. 

Thirty Simple and Pleasing Airs, arranged, with Suitable Words, for Young Children. Price \e. 6d. 

No. IV.— THE SECOND CLASS TUNE-BOOK. 

A Selection of Vooal Music, adapted for Youth of Different Ages, and arranged, with Suitable Words, 
as Two and Three-part Hiuinonies. Medium 8vo. Price 2#. (id. 

No. V.— THE HYMN TUNE-BOOK. 

A Selection of Seventy Popular Hymn and Psalm Tunes, arranged with a View of facilitating the 
Progress of Children learning to Sing in Parts. Medium 8vo. Price 2$. Qd. 

♦,(,* Any part may be purchased separately. 

SCHOOL MUSIC ; or Songs and Hymns from the Singing Master : comprising Seventy-six 

Moral Songs for Children, arranged to Popular Airs, and Seventy Psalms and Hymns with thuir 
appropriate Tunes. 8vo. 5s. Gd. cloth. 

The Vocal Exercises, Moral Bongs and Hymns, with the Music, may also be hod, printed on Curds. Prico 
2d. each Card, or Twenty-five for Sit., as follows 

.30 The Stormy Winds. 

.37 Our Native Land. 

38 The Labourers’ Song. 

Home, home — and Rejoice, Rejoice. 

40 If you Get into Debt. 

41 Britons, Arise — and the Golden Rule. 

42 Rule Britannia. 

43 The National Anthem— and Now Let Notes of Joy 
Ascending. 

44 Farewoll. 

Hymn and Psalm Tunes, with Words suitable for 
Sunday Schools. 

45 Sicilian Mariners— and Warwick. 

46 Devices— and Btoneheld, or Dovcrwlalc. 

47 Evening Hymn— and Hanover. 

48 Stephens— and the German Hymn. 

49 Grove— and Cranbrook. 

50 Falcon Street— and Deritend. 

.)] Martin’s Lane— and Staugh ton. 

62 Hart’s — and Job. 

53 Melboum Port— and Matthias. 

64 Rousseau’s Dream— and Iri.sh. 

55 Sandgate— and Contemplation. 

66 Itaweis, or Mount Calvary— and Auburn. 

57 Eaton— and Carey’s. 

58 Adoration. 

59 Gabriel New— and Prospect. 

60 Lowell — and Fairseat. 

61 lionsdale— and Calvary. 

62 Lydi^— and Sutton Coldfield. 

63 Arabia — and Old Hundredth. 

64 Peru— and Condeecension. 

6.1 Horsley— and Compassion. 

66 Suffolk— and Hephzibah. 

87 Bradley Church— and Portugal New. 

68 Piety— and Knaresborough. 


1 Introductory (Notation of Music). 

2 Vocal Exorcises. 

3 Ditto. 

4 Ditto (Canons). 

5 Twinkle, Twinkle, Little Star. 

6 Welcome to School, 

7 Come and See how Happily. 

8 Persoveranco— or, Try Again. 

9 Improve the Passing Hours. 

10 Multiplication Table— First Part. 

11 The Pence Table— and Procrastination. 

12 The Peace Maker. 

13 We all Love one another— and We’ll go to our Places. 

14 How the Wind is Blowing— and Early to BeU and 

Early to Rise. 

15 Over tho Water from Englaml to France. 

16 The Nursery Jest— and the Alphabet. 

17 Tit for Tat— and Hot Cross Buns. 

18 Play-Uours. 

19 The Kind Heart. 

'20 Come let us Bing— and the Chatter-box. 

21 The Linnet. 

22 The Harmonious Blackbird. 

23 The Praise of Spring. 

24 The Sluggard. 

25 Neatness and Cleanliness— and Work away. 

26 Time for Rest— and Good Night. 

27 Sunrise- 

28 Bells Hinging. 

29 The Love of Truth— and For Age and Want. 

.30 Inthc i >ttage. 

31 The Cricket Song. 

32 Absent Friend^and When we go out together. 

33 Ere Around the Huge Oak— and Harvest Home. 

34 March and lift up your Voices— and Idleness and 

Knavery. 

35 Lullaby— and The Hour is Come of Twilight Grey. 
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WORKS PUBLISHED BY TAYLOR AND WALTON, 


SINGING MASTER— Continued. 

69 Wigan— and the Passing Bell. 78 Calcutta — and Shirland. 

70 Newport— and Easter Hymn. 79 Portsmouth New — and Joyful. 

71 Vesper— and Admiration. 80 Tucker's, or Leigh— and Repose. 

72 Jude's Doxology— and Miles's Lane. t 

73 Helmsley— and Evans. 81-82 Welcome— and a Man’s a Man for all that. 

74 Nativity— and Monmouth. 83-84 When the Rosy Morn Appearing— and the Might 

75 WesUiury Leigh— and New Victory or Wimpole. with the Right. 

76 Hallelujah, Amen— and Triumph. 85 God Speed the Right. 

77 Refuge. 

The Words without the Music may be bad in Three Small Books, as follows : — 

Moral Songs from the First Class Tune-Book, Id. 

— — Second Class Tune-Book, Id. 

Hymns from the Hymn Tune-Book, lid. 

The (fards and Tune-liookt may be used with Mr. HullaVs or any other System of Teaching. 

“ What chiefly delights us in the Singing Master is the intermixture of many little moral songs with the ordinary 
glees. These are chiefly couij) 0 &ed by Mr. Hickson himself, and we could scarcely imagine any thing of the kind 
better executed. They relate to exactly the class of subjects which all who wish well to the industrious orders would 
wish to see imprinted on their inmost nature — contentment with their lowly, but honourable lot, the blessings that 
flow from industry, the fostering of the domestic affections, and aspirations fur the improvement of society.”— 
Chambers' Journal, Oct. 20, 1838. 

FIRESIDE HARMONY ; or, Domestic Recreation in Part Singing. A Selection of 

favourite old Glees, Rounds, and Cauona; arranged to words suitable fur Families and Schools. By 
IlBLEN S. H£ascHEi.L. Second Edition. Demy 8vo (oblong), 2s. Cd. 

CONTENTS ; 

1. The Queen's Birth-day — 2. Now we are met.— 3. Come follow me merrily.-^. Come all ye who Music love. 
— 5. How great Is the Pleasure. — 6. Come follow, follow me. — 7. The Emigrant's Song. — 8. Breathes there the 
Man. — 9. Our Queen. — 10. The Young Ladies’ Debate. — 11. Wilberforce’s Grave. — 12. The Grasshopper. — 13. When 
fVom my Native Land.— 14. Tranquillity. — 15. Would you sing a Round with pleasure,- 16. Whate’er you others 
And. — 17. Flowers for your Gardeu.s. — 18. Whittington. — 19. Far beyond all studied Grace. — 20. Come now to tlie 
Greenwood.— 21. Tune your Voices.— 22. A Boa Song.— 23. Como gay Mirth— 24. Hope.— 25. Now genial Spring.— 
26. Come, leave the Scenes.— 27. How sweet to meet u kindred Mind. — 2S. Truly 'tis said — 21. Farewell, Friend. — 
30. O he just.— Sweet chime the Evening Bells— 32. Hark, the liule Birds are singing— 33. Now you shall hear a 
wondrous Song— 34. Pt^crasUnation. 

PART SINGING ; or, Vocal Harmony for Choral Societies and Home Circles. Edited 

by the Author of the “ Singing Master.” 

Price of the Work complete, bound In cloth: — Soprano, 4L; Alto, 3s. ; Tenor, 3#.; Base and Piano- 
forte Score, as. 6</, Any Part or Volume may be bad separately. 

The Work may also be had iu Six Numbers. Price of each Number: — Soprano, Nos. 1 to 4 A 6, 9>f. 
each; No. f>, Gd.; Alto, (without the C clef), of Nos. 1 and 6, 9d. each, of Nos. 2 to 5, Get. each; Tenor, 
Nos. 1, 5, 6, 9d. each ; Noi. 2, 3, 4, 6d. each ; Base, with Pianoforte Score ; Is. ; Case, Gd. 

No 1. No. 3. No. 5. 

Introduction to the Notation of 15 Yon gave me your Heart. 33 When Winds breathe soft. 

Music. 16 Hail, smiling Mom. 34 Lightly tread. 

Exercises on Intervals. 17 Choral Honours. 35 A Generous Friendship. 

1 Evening. 18 Here in cool Grot. 36 Amid the Myrtle. 

2 That Peace on Earth. 19 Hark, the Lark. 37 The Storm. 

3 All Nature is but Art. 20 Farewell, Dearest, Joy and 38 Their Sound is gone out. 

4 Once more, dear Friends, once Sorrow. 39 Awake, jEolian Lyre. 

more. 21 Prayer in MassanieDo. 40 Time wing’d by Gladness. 

5 Forgive, blest Shade. 22 Thyrsis, steepest thou. 

6 Then round about the starry 23 The Waits. No. 6. 

Throne. 41 Hope’s Dream. 


81-82 Welcome — and a Man’s a Man for all that. 

83-84 When the Rosy Morn Appearing— and the Might 
with the Right. 

85 God Speed the Right. 


No 1. No. 3. No. 5. 

Introduction to the Notation of 15 Yon gave me your Heart. 33 When Winds breathe soft. 

Music. 16 Hail, smiling Mora. 34 Lightly tread. 

Exercises on Intervals. 17 Choral Honours. 35 A Generous Friendship. 

1 Evening. 18 Here in cool Grot. 36 Amid the Myrtle. 

2 That Peace on Earth. 19 Hark, the Lark. 37 The Storm. 

3 All Nature is but Art. 20 Farewell, Dearest, Joy and 38 Their Sound is gone out. 

4 Once more, dear Friends, once Sorrow. 39 Awake, jEolian Lyre. 

more. 21 Prayer in MassanieDo. 40 Time wing’d by Gladness. 

5 Forgive, blest Shade. 22 Thyrsis, steepest thou. 

6 Then round about the starry 23 The Waits. No. 6. 

Throne. 41 Hope’s Dream. 

No. 4. 42 Hear, Father, hear our Prayer. 

No. 2. 24 Victoria. 43 Bright Water. 

7 Brea^lvs.>oft, ye Winds. 25 Choral Salutation. 44 Come, come away. 

8 Ni^t. 26 God speed the Right. 45 The Invocation. 

9 The Village Chorus. 27 Swiftly from the Mountain’s 46 Away, away. 

10 The Pledge. Brow. 47 The Student's Song. 

1 1 Health to my Dear. 28 Five times by the Taper's Light 48 Full all together. 

12 Ye spotted Snakes. 29 One and All. 49 Come Joy with merry Roundelay- 

13 Thy Voice, O Harmony. 30 Hark, th' Echo. 50 The Spring. 

14 Every Bush new springing. 31 Come again. 51 Sleep. 

32 Thus rolling Surges. 52 Musical Cheers. 

The design of this publication is to facilitate the object proposed to he effected by the Society for the En- 
couragement of Vocal Music ; a Society formed for the purpose of endeavouring to naturalise a taste for Music in this 
country, both with a view of promoting, among the Woiklng Classes, innocent and rational means of enjoyment, and 
of thereby softening the manners, refining the taste, and rawing the character of the great body of the people. 

The pieces selected for this work are those frhtch have been found to be most popular among the members of 
several Choral and Madrigal Societies, now establisl^ied in London, and roost of them are equally effective when 
sung in public by a hundred voices, or in a friendly evening or family circle, with but one voice to each part. 

THE USE OF SINGING AS A PART OF THE MORAL DISCIPLINE OF 

SCHOOLS. A Lecture, by W. E. Hickson. 8vo, price 14tf. 


No. 3. 

15 You gave roe your Heart. 

16 Hail, smiling Mora. 

17 Choral Honours. 

18 Here in cool Grot. 

19 Hark, the Lark. 

20 Farewell, Dearest, Joy and 

Sorrow. 

21 Prayer in MassanieDo. 

22 Thyrsis, steepest thou. 

23 The Waits. 

No. 4. 

24 Victoria. 

25 Choral Salutation. 

26 God speed the Right. 

27 Swiftly from the Mountain’s 

Brow. 

28 Five times by the Taper’s Light 

29 One and AD. 

30 Hark, th' Echo. 

31 Come again. 

32 Thus rolling Surges. 
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DRAWING. 


LINEAL DRAWING COPIES FOR THE EARLIEST INSTRUCTION. Comprising 

200 Subjects on 24 Sheets, mounted on 12 pieces of Uiick pasteboard. By the Author ol “ Drawing yoa 
Young Children.”, In a Portfolio, 8i. 6d. 

*** These copies consist of Geometrical Figures and Forma of simple objects, with the Roman and Writing 
Alphabets in Capital and Small Letters. They are printed white on a black ground. They may also 
be used in teaching the Letters, in teaching Writing, and in giving Lessons on the Elements of Form 
. and Geometry. 

DRAWING COPIES FOR ELEMENTARY INSTRUCTION. By the Author of 

” Drawing fob Young Children.’* * 

Set I. 12 Subjects mounted on thick pasteboard. Price 3a. 6c/., in a Portfolio. 

• — • II. Ditto; Ditto. Ditto. 

The copies are sufficiently large and bold to be drawn from by forty or fifty children at the same time. 

DRAWING MATERIALS. 

• A Quarto Copybook of 24 leaves, common paper, 6d. j Pencils, with very thick lead, B.B. 2r. per half dozen. 
Ditto . . , Ditto . . paper of superior j Ditto : : . Ditto ; . '. F. at li. 6c/; ditto, 

quality, 1 j. 3c/. j Drawing Chalk, 9d, per dozen slicks, in a Box. 

Port'Crayons for holding the Chalk, 4d. each. 

DEACON’S (AUGUSTUS) ELEMENTS OF PERSPECTIVE DRAWING, or, the 

Science of Delineating Real Objects. Being a Manual of Directions for Using a Set of Models, com- 
; posing a variety of Picturesque Forms. Suitable for the Practice of Beginners. Illustrated with H 

I plates. 6 VO., 4s. 

“ The use of solid forma in drawing, instead of sketches or prints, has been for some time prevalent in the Govem- 
> uient schools of Franco and (icrmaiiy. In the well*reaBoned and clearly > written pamphlet before us, an uttcnqit is 
I intide to increase the chances of success for that method in England. The whole pamphlet deBeiy^^s attentive perusal. 

I It is excellently written, and in argument quite conclusive.” — Examiner ^ Sept. Ib41. * 

I DRAWING MODELS; consisting of Forms for constructing various Buildings, Gateways, 

Castles, Bridges, &c. The Buildings will be found Bufficiently large to be drawn from by a nuineruus 
i class at the same time. In a box, with a small Treatise on Drawing and Perspective. Price 21. lOr. 

I Length of the Box, 18^ inches ; breadth 13 inches : height, 8^ inches. 

DRAWING MODELS, by C. F. Trachsel, consisting of Rectilinear Figures, Polygonal 

and Mixtiliiiear Models, Models chiefly for Shading, and Models forapplication and further practice. Price 
of the complete set 10/. Any Figure may be purchased separately. 

The wliole collection with the exception of the bouses is painted white, to resemble platter. 

A complete Collection on a larger scale, such as that used in the Mechanics’ Institution, Liverpool, 16/. 

*«* A detailed prospectus may be had on application. 

DRAWING M0DB;LS of the HUMAN FIGURE. A Set of Five Figures, 18 inches 

j high, strongly cast in Plaster, of the human form in different altitudes ; arranged in progressive order 

j of muscular development, for the use of students in Schools, and Families, by Augustus Deacon, and 

modelled by Thomas Sharp, from Sketches by Flaxman. Price 21. 10/. the set, or separately. Figs. I and 2, 
j each 9s.; Fig. 3, 10/.; Figs. 1 %nd 6, each 11/., or packed in a case for the country, 3/. 

*jf* A Detailed Prospootus may be had on application, 
i 


NUMISMATICS. 


AKERMAN’S (J. Y.) NUMISMATIC MANUAL ; or, Guide to the Collection and Study 

of Greek, Roman, and English Coins. Illustrated by Engravings of many hundred Types, by means of 
which even imperfect and obliterated pieces may be easily deciphered. 1 vol. gvo., 21x. 

“ We have long looked for a work on Numismatics which might give so much information as every well-educated 
man ought to : ossess, be free from vulgar errors, and at the same time be within the reach of the general reader. Just 
such a work hM Mr. Akerman given us .” — Church qf England (iuarterlg Review, Oct. 1840. 

NUMISMATIC CHRONICLE, and Journal or the Numismatic 

Society, f/oa 1 to 27, each 3s. 6d, (Published Quarterly.) 

NUMISMATIC JOURNAL. Nos. 1 to 8, complete. Each 3^. Cd. 
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WORKS PUBLISHED BY TAYLOR AND WALTON, 

HISTORY. 


ON THE ORIGIN OF UNIVERSITIES AND ACADEMICAL DEGREES. By 

IIknrv Maldkn, M.A., late Fellow of Trinity College, Cambridge, and Professor of Greek in Univer- 
sity College, London. Fcap. 8vo, 3«. 6d. cloth. 

“ Although calculated for a temporary purpose, this volume, small and unpretending as it is, will probably find a 
permanent place in libraries, as containing in a narrow compass much historical matter not very generally known, 
even within the if^allsof the Universities themselves." — Athetueum^ July 18, 1835. 

NIEBUHR’S HISTORY OF ROME. Translated by Bishop Thirlwall and Archdeacon 

Hark. Vol. I. Third Edition, revised, with a Map. 8vo, 16^. • 

— Vol. II. Third Edition. 8vo, 16«. 

Yol^ JII, Translated by William Smith, Ph. D., 

and Leonard Schmitz, Ph. U. ; containing a copious Index (97 page8;to the three volumes. 8vo, 18r. 6d. 
“ Here we close our remarks upon this memorable and more generous sentiments of his common human 
work ; a work lyhich, of all that have appeared in our nature enlivened and strengthened.’— EdfnburpAAevtew. 
age, is the best fitted to excite men of learning to Intel- “ It is since I saw you that I have been devouring with 
lectual activity, from which the most accomplished the most intense admiration the third volume of Niebuhr, 
scholar may gather fresh stores of knowledge, to which The clearness and comprehensiveness of all his military 
the most experienced politician may resort for theoreti- details is a new feature in that wonderful mind, and how 
cal and practical instruction, and which no person can inimitably beautiful Is that brief account.of Temi.” — 
read as it ought to be read, without feeling the better Dr. Arnold (Life, vol. 2.) 

NIEBUHR’S HISTORY OF ROME, from the First Punic War to the Death of 

Constantino ; in a Series of Lectures, including an Introductory Course on the Sources and Study of ' 
Roman History. Edited by Leonard ScHMirz, Ph.I>. Forming the Fourth and Fifth Volumes of the 
Entire History. 2 vols., 8vo. With a Portrait of Niebuhr, after Julius Schnorr. H. As. 

" Considering also that the lectures occupy only two " The compression of matter in the history is effected 
moderate sized volumes, vrith not u very small type, we chiefly by his adherence to the self-denying, and for us 
are gratified at the great quantity of valuable information most expedient plan, of narrating at large nothing which 
which they contain. It may indeed seem surprising that can be learned from the great standard writers of anti- 
out of this space so many as twelve introductory lectures quity still extant. Whatever can be easily rend in Poly- 
could be afforded (occupying ninety-three pages,) on the bius or Livy, Sallust or Tacitus, is rather hinted at than 
sources of Roman History, a subject on which no man told by him, while all that needs to be gleaned from 
in Europe, — perhaps no man who ever lived since the loss orations, letters, biographies, scholiasts, besides frag- 
of the sorces themselves — co u Id write like Niebuhr 5 and ments, inscriptions and other secondary sources ; all that 
wc feel that a peculiar value attaches to this part of the neeils to be pieced together before it can be available for 
work. Moreover, ifi each successive period, the notices anhistorlan, is elaborately brought forward by him ; with 
given of the literature of the day are much fuller than his own (generally rather authoritative), comments on 
the ordinary practice of historians might lead us to ex- the characters of the authors.”— *' The English style is, 
pect. His judgment of writers is always marked by with extremely few exceptions, fluentandclear.”—j&/ccttc 

fresliness and personal knowledge, which gives a value to Review. 
his remarks, even when they may not he acquiesced in.” 

THIRLWALL’S (BISHOP OF ST. DAVID’S) HISTORY OF GREECE. Library 

Edition, revised throughout, and illustrated with Maps and Plans. To be completed in Eight 
Volumes, demySvo. Vol. L, 12«.,oloth. 

MACKINTOSH (SIB JAMES); THE LIFE OF SIB THOMAS MOBE. Fcap. 8vo., 

cloth, hs. ; bound in vellum, 8f . 

CURRENCY. 

CATECHISMS OF THE CUBBENCY AND EXCHANGES. A New Edition, enlarged. 

To which is prefixed. The Case of the Industrious Classes briefly stated. By John Taylor, Author of 
“ Junius Identified.” Fcap. 8vo, As. cloth. 

■** Whoever studies or merely reads this Catechism once, will rise from its perusal with clearer notions on the subject 
of currency than when he sat down to it, whatever may have been his previous acquaintance with the matter; whilst 
every one who finds himself to be in the dark on its various bearings, cannot but be so enlightened by the short inspec- 
tion spoken of, that few in the community will equal him for knowledge on the subject, so clear, comprehensive, and 
convincing are its questions and answers," — ^“^Catkchism of the Curkencv." — Monthly Review, March ISS.*!. 

A VIEW OF THE MONEY SYSTEM OF ENGLAND, from the Conquest. With 

Proposals for establishing a seouro and equable Crodit Currency. By Jambs Taylor (of Bokewellje 
8vo, 3x. sewed. 

" The instruction to be obtained from the account which is here given of the various arts, subtleties and frauds, to 
which monarchs, statesmen, and financiers, have had recourse, in order to meet the difficulties to which they were 
constantly exposed, renders the book of Mr. Taylor one of extraordinary interest and value.” — Manchester Courier 

WHAT IS MONEY 1 Pnce_^ 

^ GEOGRAPHY- 

BRIEF OUTLINES OF DESCRIPTIVE GEOGRAPHY ; to which is subjoined a Table 

of Latitudes and Longitudes. By Henry H. Davis. Fcap. 8vo, with Maps, 2s. 6d. cloth. 

** The outlines here presented to the public, are the results of actual extemporaneous lessons.” — Preface. 

OUTLINE MAPS ; — Mercator — Europe— British Isles. Three Maps, folio, stitched 

in cover. U. Single Maps. Ad. eao»i. 

GEOGRAPHICAL PROJECTIONS ;t~Mercator — Europe — British Isles. Three Maps, 

folio, stitched in cover, li. Single Maps, Ad. each. ^ * 

TEACHING MAPS : — England, Wales, and Part of Scotland. I. Rivers, Mountains, &c. 

Price 6d. II. Towns. Price 64. 



28, UPPER GOWER STREET, LONDON. 


COMMON-PLACE BOOKS. 


THE LITERARY DIARY ; or Complete Common-Place Book, with an Explanation 

and an Alphabet of Two Letters on a leaf. Tost 4to, ruled throughout and half-bound, price 12f. ’ 

A POCKET COMMON-PLACE BOOK. With Locke's Index. Post 8vo, half-bound, 8.v. Qd. 
THE STUDENT’S JOURNAL. Arranged, Printed, and Ruled for receiving an Account 

of every Day's Employment for the space of One Year. With an Index and Apuendix Post «vii 
half bound, 4#. 6(i. 

“1 propose from this day to keep an exact Journal of my Actions and Studies, both to assist my Memory and 
accustom me to set a due value on my Timo.”— Introduction to Gibbon's Journal. 

THE PRIVATE DIARY, formed on the Plan of “ The Student’s Journal,** for general 

Use. Post 8vo, half-bound, 4; . (id. 

“ This, exact account of my time will make me more sensible of its value : it will dissip.ato by its detail the illusion 
which makes us only consider years and months, and disregard hours and days."— f/ibbo/t’r Journal. 

THE SCHOOL JOURNAL, arranged for receiving aij Account of eveiy Day’s Fmploy- 

ment for the space of One Year, Post «vo, bound, price 8/. 


MISCELLANEOUS. 


jESCHYLUS.’— the AGAMEMNON, 

Translated, with Notes Critical and Explanatory, 
by John Svmmons, A.M., of Christ Church, Ox- 
ford. 8vo, 8^. 

ARROWSMITH’S ART OF INSTRUCT- 

IN(1 THE DEAF AND DUMB, 8vo, lOs.Gd. 

AUSTIN’S OUTLINE OF A COURSE 

OF LECTUUES ON GENEIIAL JUllISPltU- 
DENCE. l:2mo, U, sewed. 

BOWRING’S (DR.) ANCIENT POETRY 

AND ROMANCES OF SPAIN. Post 8vo, 
lOj. Cd. 

BURROWES’S (REV. DR., DEAN OF 

CORK) sermons on THE FIRST LESSONS 
IN THE MORNING SERVICE, taken from the 
Mosaic Scriptures. Being for the Sundays from 
Septuagesima to Trinity Sunday. 8vo, I2x. 

“ In these excellent Sermons, sound doctruic, earnest 
exiiortation, close reasoning, depth of pathos, and forci- 
blo aiiplication, are severally exhibited. The language 
throughout is simple, yet eloquent ; and the style nerv- 
ous, chaste, and dignified, in a word, the volume is 
calculated to instruct the ignorant, to reform tiie evil- 
doer, to confirm the Cluristian, to silence thu galnsayer, 
iiiid to vindicate the ways of God to vasxa."— Christian 
liemanhruncer, Jun. 1830. 

CLARE’S SHEPHERD’S CALENDAR. 

, Fuap. 8vo, Or. 

VILLAGE MINSTREL. Two 

vols. fcap. Ovo. Second Edition. 12^. 

- — POEMS, — Descriptive of Rural 

Life and Scenery. Fcap. 8vo. Fourth Edition. 

5f. Qd. 

“ Examples of minds highly gifted by Natiu-e strug- 
gling with and breaking through the bondage of adver- 
sity are not rare in this country ; but privation is not 
destitution ; and be instance befon* us Is, perhaps, one 
of the most striking, of patient and persevering talent 
existing and enduring in the most forlorn and seemingly 
hopeless conditio )< that literature has at anytime exhi- 
bited."— Review, May, 1820. 

DAVIDS’S (A.L.) tukkish grammar, 

4to, 28«. 

— in French. 

4to, 25s. 


HUTCHINSON (JOHN) NEW EXPE- 
RIMENTS ON BUILDING MATERIALS, in 
reference to their Conducting Fewer, Dryness, and 
Resistance to tlie Pritgross of Fire. 8vo, plate, 3». 
cloth. 

JUNIUS IDENTIFIED WITH SIR PHI- 

LIP FRANCIS. Including the Supplement, con- 
sisting of Fac Similes of lland-wrlting and other 
Illustrations. Second Edition, corrected and en- 
larged. 8vo, Hr. 

“ That it proves Sir Philip Francis to bo Junius we 
will not affinn ; but this we can safely assert, that it 
accumulates such a mass of circumstantial evidence, as 
renders it extremely difficult to believe ho is not ; and 
that, if so many coincidences shall be found to have 
misled us in this case, our faith, in all conclusions drawn 
from proofs of a similar kind, uuiy henceforth be shaken.*' 
— Edinburyh iicoicu'. No. b. 

KEATS’S (JOHN) POETICAL WORKS. 

In 1 vol. fcap. with a Portrait from a Drawing 
hy Hilton, prico 5s. cloth. 

Keats was, no doubt, a poet of very uncommon pro- 
mise. He had all the wealth of genius within him ; but 
lie had not learned, before he was killed by criticism, the 
received, and therefore the best, manner of producing it i 
for the eye of the world. Had he lived longer, the 
strength and richness which break continually througti 
the affected style of ' Endymiou ’ and * Lamia,’ aud his 
other poems, must have formed themselves into .aomo 
noble monuments of his powers. As it is, there is notTi 
poet living who could surpass the material of * Endymion, ’ 
a poem, with all its faults, far more full of beauties." — 
Willis's Pcncillinys by the Way. 

KIDD’S (REV. SAMUEL) CHINA: its 

Symbols, Philosophy, Antiquities, Customs, Su- 
perstitions, Laws, Government, Education, and 
Literature. One vol. 8vo, with a Portrait of the 
present Emperor, aud other Illustrations. 12s. 

“It is divided into seven sections. The first has de- 
lighted us by unfolding the mystery or philosophy of the 
language. The second is historic^ in the best sense ; 
giving us a bird’s-eye view of the stream of time, as it 
has flown dqwn the celestial empire. The sects which 
have divided the people are made known to us in the 
third section : of which the fourth is an appendix that 
upholds their moral philosophy, if we maybe forgiven 
for BO profaning that term. The fifth section should be 
studied by statesmen, for it gives the best account of the ‘ 
political state of the Chinese. The next exhibits wliat 
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MISCELLANEOUS— Continued. 


Kido’b Chixa— Continued. 
maybe called the superstition of the people, which is 
wrought into their very constitution. The volume doses 
with their education, literature, medidne, botany, and 
natural history, «ome very appropriate reflectionR on the 
whole, and Just what we might expect from a missionary 
who has been prevented by ill hemth from pursuing the 
grand object of evangelizing the country, for which he 
acquired their most difficult Eclectic Review, 


LINDLEY’S ELEMENTS OF BOTANY, 

Steuctubal, PmrsioLooicAE, Systkmaticai., and 
ManicAL ; b^g a fourth edition of the outline of 
the first principles of Botany. One volume Bvo, 
with many hundred figures on wood. 10/. fid. | 

*< This work is ihdeed what the author intended, it to 
be, * A Complete Botaniccd Note Book, wherein all the 


ROSEN (DR.) RIG VED^ SPECIMEN, prlndpal topics which the teachers of Botany introduce 
4to 5/. ‘ lectures, are arranged methodically.’ The 

o/^TTT A /rvr* n v AniTkTmT necessity for such works as pegs for fixing facts in the , 

SCHLEIERMACHER’S (DR. F.) CRITI- memory, and giving them their fuU value on their appll- 
CAL ESSAY ON THE GOSPEL OP ST. LUKE ; cation to reasoning processes, is undeniable ; and between 
with an Istroduotion by the Translator : contain- the author, and tlmt of the engraver, it is 

ing an account of the controversy respecting the sfarcfly possible to element^ notl^^^^^^ 

At,- simpler and more available plan. One consequence of 

origin of the First Three Gospels since Bishop this is, the impossibility of further analysis. Our readers 
Marsh’s Dissertation. 8vo, 13/. must therefore rest contented with a reference to the work 

STEBBING D.D„ THE CHURCH ltself.”-^fhe»c««m, m, 1842. 


..j- Ai Ta*_. i. mi. Simpler Huu more avauauio piau. 

origin of the First Three Gospels since Bishop this is, the impossibility of further analysis. Our readers 
Marsh’s Dissertation. 8vo, 13/. must therefore rest contented with a reference to the work , 

STEBBING (H.), D.D., THE CHURCH ltself.”-^fhwc««m, May 28fA, 1842. 

AND ITS MINISTERS, Ac., &c., AS REPRE- rtrrpTQrrTcfii^’q fm? ^ MFMflTT? c\v THE 
SENTED IN THE CHRISTIAN WRITERS OF LHRlbllbUJN IS (UK.; JVI^MUIK OF ITIPa 
THE PRIMITIVE AGES. 8vo, 2s. (id., sewed. LATE DR. TURNER, Professor of Chemistry in ^ 

A DT E V><S Cl VT VTA. HR THE'maV University College, London—With the Philoso- 

UAKLPil bYLVlA; UR IHL MAY pl,er entering as a child into the Kingdom of 

(lUEEN. A Lyrical Drama, Fcap. 8vo, 7/. Heaven; a Sermon preached in the pariah church 

THE PKINCIPLES of the DOCTRINE of^Brid.,Fi«,t st^.oii«^ionof thedMth 

of CUBISI. Bob., an attempt to teach auoh aa of Dr. Tumor. By the Hoy. Xhoa Dale, M.A., 

are wiUlng to learn « What it is to be a Christian.- 

12mo, sewed, price 7</.i or 25 for 12/. The Memoir may be had s^ratcly, i»rloe 1/. 

THE CABINET CYCLOPAEDIA. Edited by Dr. Lardner. Small 8vo. Each Volume 

containing a Vignette Title, engraved by Findkn. 6/. cloth. 

The Work comprises the following Divisions:— ! CABINET OF NATURAL PHILOSOPHY. 13 Vols. 
CABINET OP HBBTORY. 66 Volumes. i CABINET OP NATURAL HISTORY. 15 Volumes. 

CABINET OP BIOGRAPHY’. 31 Volumes. | CABINET OF THE USEFUL ARTS. 7 Volumes. 

Any Volume may be purchased separately, Price 6s. 

*' One of the most valuable contributions that has ever been made to the causo of general knowledge and national | 
education.”— -Stawdord. I 

CABINET OF HISTORY. j 

JVumber of Vols. when complete. Authors. Vols. of the Series. j 

England, 10 vols Mackintosh, Ac. 8. 18. 37. (12. 60. 81. 05. 104. 113. 124. ; 

Ireland, 4 vols. T. Moore. (>5- 90. 121 

Scotland, 2 vols Sir Walter Scott. 1. 4. 

United States, 2 vols Rev. H. Fergus. 13. 33. 

Franco, 3 vols J2. E. Crowe. 12. 15. 23. 

Netherlands, 1 vol T. C. Grattan. 10. 

Switzerland, 1 vol. . . . . ■ 31. 

Denmark, Sweden, &o. 3 vols. . . . Dr. Dunham. 110.118.122. 

Poland, 1 vol Dr. Dunham. 20- j 

Germanic Empire, 3 vola . . . . Dr. Dunham. (M). 64. 67* j 

Russia, 3 vola Robert Bell. 79. 85. 100. i 

Simin and Portugal. 5 vols. . . . Dr. Dunham. 20. 30. 32. 35. 30. I 

I Europe during Middle Ages, 4 vols . . Dr. Dunham. 45. 49. 53. 58. i 

Italian Republius, 1 vol De SismondL 27. I 

Fall of the Reman Empird, 2 vols. . . DoSismondi. 56.61. ! 

• £...Jie, 2 vols 50. 73. , ' 

Greece, 8 vols. Rev. C. Thirlwall. 68. 74. 80. 88. 103. 114. 125. l.-^^. | 

Grecian and Koxnan Antiquities, 2 vols. Rev. T. Fosbroke, Ac. 47. 70. ; 

The Church, 2 vols Rev. H. Stebbing. 41.52. i 

Reformation, 2 vols. ... . Rev. H. Stebbing. 77. 86. I 

Maritime Dimvery, 3 vols . . W.D. Cooley. 2.11.16. ; 

Outlines of History, 1 vol T. Keightley. 9. I 

Chronology of History, 1 vol. . . Sir H. Nicolas. 44. 


BritiiOi Lawyers, l vol. . 

— Military Commanders, 3 vols. 
— Naval Commanders^ 6 vols. 

— Statesmen, 7 vols. . 

— Foots, 2 vols. . . 

•.> Dramatists, 2 vols. • 
Early British Writers, i vol. . 
Foreign Statesmen, 5 vols. 

Authors of Fxanoe, 2 vols. 

— — Italy, Ac. 3 vols. 


CABINET OF HISTORY. 
Authors. 

. Mackintosh, Ac. 

. T. Moore. 

. Sir Walter Scott. 

. Rev. H. Fergus. 

, J2, E. Crowe. 

. T. C. Grattan. 


Dr. Dunham. 
Dr. Dunham. 
Dr. Dunham. 
Robert Bell. 
Dr. Dunham. 
Dr. Dunham. 
De SismondL 
Do SismondL 


. Rev. C. Thirlwall. 

Is. Rev. T. Fosbroke, Ac. 

. Rev. H. Stebbing. 

. Rev. H. Stebbing. 

. W. D. Cooley. 

. T. Keightley. 

. Sir H. Nicolas. 

CABINET OF BIOGRAPHY. 
. H. Boscoe. 

. Rev. G. U. Gleig. 

. IL Bonthey, Ac. 

. Forster, Ac. 

R.BeU. 

Pr. Dunham, Ac. 

. Dr. Dunham, Ac. 

G. F. R. James, Ac. 

Mrs. Shelley, Ac. 

. J. Mon^omcry, Ac. 


Vols. of the Series. 

8. 18. 37. 62. 69. 81. 95. 164. 113. 124. 
65. 96. 121 
1. 4. 

13. 33. 

12. 15. 23. 


110. 118. 122. 

20 . 

(K). 64. 67. 

79. 85. 100. 

2.0. 30. 32. 35. 

45. 49. 53. 58, 

27 . 

56.61. 

50. 73. 

68. 74. 80. 88. 103. 114. 125. L-IS. 
47. 70. 

41.52. 

77 . 86 . 

2. 11. 16. 


6 . 

25. 28. 36. 

40. 4 & 57. 87. 128. 

21. 78. 91. 99. 101. 108. 115. 
112.119. 

9.3. 106. 


46. 76. 82. 89. 102. 
105. 1J7. 

63. 71. 96. 
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CABINET CYCLOPAEDIA — Continued. 


CABINET OF ARTS AND MANUFACTURES. 


Kumber of Vols. when complete. 

.Authore. 

Volf, of the fsericf. 1 

Brewing, Baking, Cooking, &c. 2 vola. . 

Professor Donovan. 

3. 94. 1 

Silk Manufacture, I vol. 

G. R. Porter. 

22. j 

Manufactures in Metal, 3 vols. . . 

J. Holland. 

24. 42. 54. ; 

Porcelain and Glass, 1 vol. . 

G. R. Porter. 

sc. 

CABINET 

OF NATURAL PHILOSOPHY, See. 

Preliminary Discourse, 1 vol. . 

Sir J. Ilerachel. 

14. 

History, I vol 

Professor Powell. 

51. 

Arithmetic, 1 vol. \ , 

Dr. Lardner. 

55. 

Astronomy, 1 vol 

Sir J. Herschel. 

43. 

Mechanics, 1 vol 

Kater and Lardner. 

5. 

I Optics, 1 vol. 

Sir D. Brewster. 

19. 

: Heat, f vol 

Dr. Lardner. 

39. 

Chemistry, 1 vol 

Professor Donovan. 

34. 

Hydrostatics and Pneumatics. 1 vol. 

Dr. Lardner. 

17- 

Essay on Probabilities and Life Contin- 



gencies, 1 voL . . , . . 

Professor De Morgan. 

107. 

* Geometry, 1 vol 

Dr. Lardner. 

127. 

Electricity, Magnetism, Ac. 2 vols. . . 

Dr. Lardner. 

1.30 131. 

CABINET OF NATURAL HISTORY. 

Preliminary Discourse, 1 vol. . . . 

W. Bwainsnn. 

59. 

Geology, 2 vols. ..... 

Professor Phillips. 

97. 111. 

Botany, 1 vol 

Rev. .1. 8. Henslow. 

75. 

Geography & Claasif. of Animals, 1 vol. 

W. Swatnson. 

«G. 

Quadrupeds, 1 vol. .... 

W. Swainson. 

72. 

Birds, 2 vols 

W. Swainson. 

83. 92. 

Animals in Menageries, 1 vol. 

W. Swainson 

98. 

b'ish, Amphibians, and Rc])tilcs, 2 vols. 

Swainson. 

109. 116. 

Insects, 1 vol 

W. Swainson, 

129. 

Shells, 1 vol 

W.- Swainson. 

123. 

Habits and Instincts of Animals, 1 vol. . j 

Swainson. 

120. 1 

Taxidermy, 1 vol. ... 1 

W. Swainmm. 

J2C. 


i 


?iliubcr£{{tp College.— lfntvotfurtor|) Eeetuveet. 


Sbbsion 1828—29. 

DR, CONOLLY ON THE NATURE AND TREAT^ 
MENT OF DISEASES, U. 

PROFESSOR GALIANO ON THE SPANISH LAN- 
GUAGE AND LITERATURE, 1^. 

DR. GRANT ON COMPARATIVE ANATOMY AND 
ZOOLOGY, U. 

DR. MUHLENPELS ON THE GERMAN AND 
NORTHERN LANGUAGES AND LITERA- 
TURE, U. 

DR. SMITH ON MEDICAL JURISPRUDENCE, D. 

'Sbbsion 1829—30. 

PROFESSOR AMOS ON ENGLISH LAW, 1*. 

DR. MALKIN ON HISTORY, 1^. 

Session 1830—31. 

PROFESSOR BENNETT ON ANATOMY, U. 

PROFESSOR DE MORGAN ON MATHEMATICS, 
NATURAL PHILOSOPHY, AND CHEMIS- 
TRY, is. 

PROFESSOR THOMSON ON MEDICAL JURISr 
PRUDKNCF., is. 

PROFESSOR AMOS ON ENGLISH LAW, is. 

SE8B70N 1831—34. 

PROFESSOR VAUGHAN ON HISTORY, Is. 6d. 

DR. GRANT ON MEDICAL EDUCATION, Is. 


PROFESSOR MALDEN ON THE GREEK AND 
LATIN LANGUAGES, Is. 

DR. qU AIN ON ANATOMY, Is. 

SBoBIOn 1837—38. 

PROFESSOR DE MORGAN ON THE ESTABLISH- 
MENT OP THE UNIVERSITY OF LONDON, 
Is. 

Session 1838—39. 

PROFESSOR KIDD ON THE NATURE AND 
STRUCTURE OP THE CHINESE LAN- 
GUAGE, Is. 6tl. — 

PROFESSOR MALDEN ON THE INTRODUCTION 
OP THE NATURAL SCIENCES INTO GENE- 
RAL EDUCATION, Is. 

PROFESSOR PEPOLI ON THE LANGUAGE AND 
LITERATURE OF ITALY, Is. 

PROFESSOR CAREY ON THE STUDY OP ""nG- 
LIBH LAW, Is. (W. 

Sbbsion ) 840 — 41 . 

PROFESSOR CREASY ON HISTORY. Is. 

PROFESSOR LATHAM ON THE ENGLISH LAN 
’ GUAGJS AND LITERATURE, Is. 

* Skssion 1842—43. 

PROFESSOR DONALDSON ON ARCHITECTURE, 
Is. tiJ. 
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EDUCATIONAL MODELS 

FOR THE USE OP SCHOOLS, MECHANICS’ INSTITUTIONS, AND FOR PRIVATE 
INSTRUCTION. 


APPARATUS FOR COHESION, Ca- 
pillary ATTRACTION, ELECTRIC, AND 
MAGNETIC ATTRACTION, IMPENETRABI- 
LITY AND INERTIA ; with Descriptions and 
Diagrams. Price 21/. in a box. 

A MACHINE FOR ILLUSTRATING 

CENTRIFUGAL MOTION ; including a repre- 
sentation (/ tlie Governor of a Btcam Engine. In 
a box, 10/. 

ATTWOOD’S MACHINE FOR Ex- 
plaining THE LAWS OF FALLING 
BODIES; with Apparatus attached for illus- 
trating the Theory of the Pendulum. Price of 
Attwood’s Machine, with a “ Companion,'* 21. 2t. ; 
additional Apparatus for the Pendulum, 1/. 1/. 
7'Ije Apparatus will bo found sufficiently large and 
correct for the purposesof instruction— it is nearly 
C foot high. The little work which accompanies 
it contains the information necessary for the use 
of the machine, and directions for making a few 
experiments. 

SETS OF MECHANICAl, POWERS; 

Containing, Thk Lkvkb— Whbki. and Axi.e — A 
Bkkirs of Pulleys — Tim Inclinbd Plank — 
■Wkdoe— S canfv ; with Examplks of tub Pa- 

nALLBUIOHAM OF FORCES— CKNTIIK OF GRAVITY— 

Friction— Collision of Elastic Bodibs — (.'om- 
rouND Levrr. 

£ /. d. 

1. For large Lecturo-rooms (elxo of the frame : 

height, .'1 feet 1 inch ; width, 3 feet) ..(180 

2. For Schools and smaller Lecture-rooms, 

(height of the frame, 2 feet G Inches ; width 

2 feet a inches) 3 5 0 

8. A Smaller sot, omitting the Parallelogram 
of Forces and Collision of Elastic Bodies, 

(height of the frame, 2 feet 1 inch^ width, 

1 foot 11^ inches) 2 12 6 

4. A Commoner Set, (height of the frame, 

2 feet; width, 19 Inches) . . .16 3 


THE BENT LEVER. Convertible into a 

Bent Lever .»r Toggle Joint Press. With weights, 
and a description. Price 1 0/. 

A TRAIN OF SPUR WHEELS, mounted 

on a mahogany stand, with weights. Price 21/. 
in a box. 

A DOUBLE INCLUDED PLANE, with 

an Application of the Composition and Remlutinn 
of Forces. In a box, 10/. 

The above is accompanied by printed direc- 
tions and instructions for a few experiments. 

A SET OF APPARATUS FOR Hy- 
drostatics, HYDRAULICS, AND PNEU- 
MATICS; with a Pamphlet containing full De- 
scriptions and Directions for Performing nrany 
Experimenta Price 61. 6/. in a box*. * 

A SMALLER SET FOR PNEUMATICS. 

Price 31. 3/. in a box. 

For Drawing 


A HUNTER’S SCREW ; consisting of the 

combination of Two Screws, one of which works 
within tlie other. 7#. 6(i. 

A PORTABLE HYDROSTATIC BEL- 

LOWS ; with description and Diagram, including 
a weight. Price 21/. in ii box. 

A SECTIONAL MODEL oy tub STEAM 

ENGINE ; by which the motions of tho several 
parts, its intem.al structure, and the high and • 
low pressure principles, can be easily explained. 
Price 2^ 2/. in a box. 

A PYROMETER, for Showing the Ex- 

pansion of Metals. Price !.'>/. 

GEOMETRICAL SOLIDS. 

Tub Five Hroular Soliks.- 1 Tetrahedron ; 2 Octa- 
hedron ; 3 Icosahedron ; 4 Hexahedron ; 5 Pentagonal 
Dodecahedron ; 6 Rhomboidal Dodecahedron ; 7 Di- 
pyramidal Dodecahedron ; 8 Trapozohedron. Pyra- 
mids 9 Triangular; 10 (Quadrilateral ; 11 Hexagonal; 

12 Octagonal. Prisms.— 13 Triangular ; 14 (Quadrila- 
teral ; 15 Hexagonal ; KJ Octagonal.— 17 Sphere ; 18 
Cylinder ; 19 Cone. The Bet in a Box, 9.f. 

ANOTHER SET, containing the Conic 

Sections. Price 16/. 

A LARGER SET. Price H. 115. 6(?. 

AN INSTRUMENT FOR TEACHING 

GEOMETRY, convertible into a Theodolite, 
Spirit Level, Hadley’s Sextant, and Wollaston’s 
Goniometer. Price 21. 12/. M. in a box. 

DIAGRAMS IN WOOD, to illustrate Dr. 

Lardnek’s Euclid. Solid Geometry, Book I. Tho 
Set of Nine in a box. Price 7/. 6f(. 

KERSHAW’S BUILDING MATERIALS 

FOR CHILDREN. Price 1/. in a box. 

DRIED SPECIMENS OF BRITISH 

PLANTS, arranged according to tlio Natural 
Orders, Containing from 60 to 65 Orders. In a 
Case. Large size, 10/. Crf. Small, 8/. 

ARCHITECTURAL SOLIDS, with which 

many hundred Designs may be built. Price 6/. fid. 
in a box. 

A PRACTICAL DEMONSTRATION (by 

means of pieces of card-board) of the 47th Propo- 
sition of the J St BflKik of Euclid. 5/. 

A PAIR OF LARGE DIVIDERS, for 

making Diagrams on a black board, used by 
Teachers in Geometrical Classes. 4s. 

A RELIEF MAP, in Papier Mache, for 

illustrating Geographical Terms; with Views. 
9s. in a box. 

BUTTER’S TANGIBLE ARITHMETIC 

AND GEOMETRY. Price, with 96 Cubes, 5/. ; 
with 144 Cubes, 6/. 6d. ; or with larger Cubes, 10/. 

BUTTER’S DISSECTED TRINOMIAL 

CUBE. In a Box, with full Description and Ex- 
planation. Large size, 7s. 6d, ; small, 3s. 

SMITH’S OBJECT-BOX FOR INFANT 

AND NATIONAL SCHOOLS, H. 16/. 
flfodsls, seepage 15. 
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WORKS ON 

TURNER’S CHEMISTRY, BY LIEDIO AND 
GREGORY. 

Now ready^ in One Volume 8vo, 11. 8s. 

TURNER’S ELEMENTS OP CHE- 

MISTRY, Seventh Edition. Edited by Justus 
Liebw, M.D., Ph.D., F.R.S., &o., Professor of 
Chemistry in the University of Giessen; and 
\ViLLrAM GRKQoav, M.D., Professor of Chemistry 
in the University of Edinburgh. 

“Asa compendium of the present state of Chemistry, 
• and a text-book for all beginners, we consider it as une- 
qualled by any in tlie English language, and we even 
doubt whether thei^ are any of the Foisign manuals of an 
equal size which can venture to compete with it.* — CAc- 
mical Gazette, December 1, 1842. 

• GREGORY’S CHEMISTRY: 

Complete, Foolscap 8vo, 12s. cloth. 

OUTLIISTES of chemistry, for the Use 

of Students. By Wilijam Grggohy, M.D., Pro- 
^ fpssor of Chemistry in the Unirersity of Edinburgh. 
The W ork may also be had in Two Parts, either of 
which may he purchased separately. 

Part I. (Inorganic Chemistry,) 6/. 

Part II. (Organic Chemistry,) 7f. 

“This is beyond comparison the best introduction to 
Chemistry for Students which has yet appeared. — The 
directions for preparing substances are usually confined 
to the best method, so that brevity and selectness are 
combined. The size and the price of this little work, 
as well as its Intrinsic merits, commend it to every 
student of chemistry.”— ianeei, 

NEW SERIES OF LIEBIG’S CHEMICAL LETTERS. 
Fcap. 8vo, 5s. 

F,AMILIAR LETTERS ON CHE- 

MISTRY, Second Series. The PHii/rsormcAL 

PniNCtPLRS AND GRNRRAL LAWS OP THK SCIUNCK. 

By Justus Likhio, M.D. Edited by Da. Gardner. 
“ The plan of the liCtters is as simple and intelligible 
as their style. The author sets out with a gonenil con- 
sideration of chemistry, and of the rank to which it is 
entitled among the other sciences ; tresfts shortly of che- 
micjxl affinity and chemical equivalents, illustrating the 
symbols and formulae by which these affinities are ex- 
pressed ; explains the atomic theory ; considers the rela- 
tion of heat, light, electricity, and gravity to chemical 
force, and shows wherein these forces differ from what 
has been called the vital principle ; and lastly, discusses 
the transformations — fermentation, putrefaction, and 
decay— whicli take place in organic bodies when re- 
moved from the influence of vitality.” Chambers' 

Juurnal, 

LIEBIG’S CHEMICAL LEfTERS.— FIRST SERIES. 
Ttdrd Edition, fcap. 8vo, 4s. 6d. 

FAMILIAR LETTERS ON CHE- 

* MISTRY ; and its Relations to Commence, 
Physiology, and Aoriculturr. By Justus Lie- 
md, M.D. Edited by John Gardner, M.D. 

LIEBIG’S ANIMAL CHEMISTRY. 

Second Edition, One Volume, 8no, 9s. 6d. cloth. 

ANIMAL CHEMISTRY, on Chemistry 

IN its a rpLICATlONS TO PHYSIOLOGY AND PATHO- 
LOGY. By .Justus Liebig, M.D. Edited, from the 
Author’s Iv^.inusoript,by Pro essor Gregory, M.D 
IVliile we have given but a very imperfect sketch of 
this original an'* profound work, we have endeavoured 
to convey to the rwder some notion of the rich store of 
interesting matter which It contains. The chemist, the 
physiologist, the medical man, and the agriculturist, will 
all And in this volumfi many new ideas and many useful 
practical remarks. J t is the nrst specimen of what modem 
Ormnic Chemistry is capable of doing for physiology; 
and we have no doubt that, from its appearance, phy- 
siology will date a new era in her advance.”— Quaf- Eev. 
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CHEMISTRY. 


LIEBIG’S AGRICULTURAL CHEMISTRY. 
Third Edition, leith large Additions uiid very nume- 
rous alterations, 10*. Brf. 

CHEMISTRY m its APPLICATIONS 

TO AGRICULTURE and PHYSIOLOGY. By 
Justus Lirbio, M.D, Edited, from the Manuscript 
of the Author, by Lvon Playfair, Ph. D. 

‘‘ A book infinitely superior to its predecessors (pre- 
ceding editions), and to a very considerable extent 
unlike thorn." — Oarden^s* Chronicle^ 

INTRODUCTION TO LIEBIG’S AGRICULTURAL 
CHEMISTllY. 

One Volume, small Hro, 7V Gd. 

LECTURES TO FARMERS on AGRI- 
CULTURAL CHEMISTRY. By Alexander 
Pktzholdt. 

** The author does not overload his subject with need- 
less details, which is the vice of some such hooks, but 
he confines the reader to those points only wldch he 
ought to be well acquainted with, and these be exp'ains 
In a clear and simple way.” — Gardeners’ Chronicle. 

PLATTNER ON THE BLOWPIPE. 

One Volume, 8t'o, 10s. Gd. 

THE USE OF THE BLOWPIPE IN 

THE examination OF MINERALS, ORBS, FURNACE 
PRODUCTS, AND OTHER METALLIC CUMRINATIONB. By 

rHOFF.ssoR C. F. Plattnkr, Assay-MastoT at the 
Royal Prey berg Smelting Works. Translated, with 
Notes, by Da. James Sheridan Muspratt. Illus- 
trated by numeroiM Wood Engravings. 

** This instmment is of the highest value to the che- 
mist, geologist and mineralogist, lA a means of ascer- 
taining in a few minutes, with the greatest accuracy, 
all the constituents of a mineral. Mr. Plattncr's work is 
the simplest and best adapted for this purpose, as besides 
the methods of Galen, Berzelius, and Gnstavus Bose, 
it embraces tiiu valuable results of his own practical 
experience. The translated edition is still further en- 
hanced by Dr. Muspratt’s Annotations.”— LieAfy, 


CHEMICAL ANALYSIS. 

2nfi Edition, one Vol., 8vo, with Numerous Diagrams. 

ELEMENTS OF CHEMICAL 

ANALYSIS, Inorganic and Organic. By Ed- 
ward Andrew Parnell, late Chemical Assistant 
in University College, London. 

“ As an adjunct to the exertions of the teacher, but by 
no means superseding the necessity ef oral and proctic^ 
Instruction, the work of Mr. Parnell appears likely to he 
In the-highest degree useful ; it will serve to convey to the 
attentive student a correct notion of the general routine 
of operations proper to each of the different classes of 
analytical research, and the principles upon which such 
modes of proceeding have been devised, besides affonling 
him a fund of iiractical detail, an easy reference to which 
will certainly lighten his labours and accelerate his 
progress .” — Chemical Gazette, November 1, 1842. ^ 

PARNELL’S APPLIED CHEMISTRY. 

APPLIED CHEMISTRY ; in Manufac- 
tures, Arts, and Domestic Economy. Edited by 
E, A. Parnell, Author of " Elements of Che- 
mical Analysis.” N umerous Hluatrations. 

Vola 1 and 2, each 13 f. 


Vol. 1. INTRODUCTION, 

GAS ILLUMINATION, 

PRESERVATION OF WOOD, 

DYEING AND CALICO PRINTING. 

The Article on Dyeing and Calioo Printing is illus- 
trated by specimens of printed Cottons. 


VoL2. MANUFACTURE OF 
. GLASS, 

STARCH, 
TANNING, . 
CAOUTCHOUC, 


BORAX, 

SULPHUR AND SUL- 
PHURIC ACID, 
SODA. 


The Third Volume will contain Dyeing Materials. 
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WORKS PUBLISHED BY TAYLOR AND WALTON, 


WORKS ON CHEMISTRY— Continued. 


FRESENIUS AND WILL. 

One volume, 12mo. As. cloth. 

NEW METHODS OF ALKALIMETRY, 

AND OF -DETERMINING THE COMMER. 
CIAL VALUE OF AGIDS and MANGANESE. 
By Drs. Frksknius and Wilt, Chemical Asaist- 
Rnts in the University of Giessen. Edited by 
J. Lloyd Buli.(M'k, lute of the Giessen and Paris 
Laboratories. 

This little Work will prove of the highest im- 
portance to Calico Printers, Bleachers, Dyers, 
Manufacturers of Soap, Paper, and Prussiate of 
Potash ; also to Cliemists and to Dealers in 
Alkalies, Acids. Ac. 

LABOR ATORY AT GIESSEN. 

Just Imporfeil, Price 12s. 

EIGHT FOLIO PLATES, Representing 

the Chemical Laboratory of the University of 
Giessen, accompanied by a Pamphlet in German, 
descriptive of the same. 


NEW CHEMICAL TABLES. 

Folio, Part L, price As. 

TABLES OF THE ELEMENTARY AND 

COMPOUND BODIES. Systematically arranged 
and adapted as Tables of Equivalents, or as Che- 
mical Labels. By Ciiables Button and Warren 
Db-la-Ruk. 

CIIEMiCAL APPARATUS. 

Taylor & Walton have on Sale a Collection of 

IMPROVED CHEMICAL APPARATUS, | 

Selected from tlie Stock of Gbikfin & Co., Glasgow. | 
Descriptive Cntalognes of Messrs. Griffin ^ Co.'s entire [ 
Stock may he. had, price D. C>d. 

PORTRAIT OF PROFESSOR LIEBIG, 

OF GIESSEN. 

A Line Engraving by Rauch, after a Drawing by 
Trautscholu. Price 7^. fid. 

■“ This is an admirable likeness of Professor Liebig.’’ ,, 
— Lancet. 


WORkS ON ANATOMY, SURGERY, MEDICINE, &e. 


COMPLETION OF MB. QUAIN’S WOBK ON THE AKTERIES. I 

Now ready, in One Large Volume of 87 Plates, Elephant Folio, half-hound in morocco, n ilh j 
^ an Octavo Volume of Letter-press, price £13, ! 

THE ANATOMY OF THE ARTERIES, with its Applications to Patho- j 

LOGY AND Operativk Surgfrv. In Lithographic Drawings, the Size of and Drawn from Nature, j 
with Priictioal Commentaries, By Richard Quaim, Professor of Anatomy in llniversity College, j 
ami Surgeon to University College Hospital. i 

The Plates are Elephant Polio, 27 by 21| inches; the Letterpress, Demy 8vo. i 

*** The Work may aho he had in 17 Parts, Price £\0 12.'?., or hnlf-hnund in 2 Volumes, I 
with the Plates folded into half their fuU size, price £13. j 


The object of this Publication is to lay before the Student and Practitioner, by means of accimite 
delineations and a record of the peculiarities observed in numerous cases, a correct History of tlie Blood- 
vessels, arranged especially with a view toils hearing on Practical Surgery. 

• PLAN OF THE WORK- 

I ’d. In the Drawings the Arteries are, in the first place, rciircscntcd according to their most frequent 
arrangemont, without the accompanying veins and nerves. 

' 2ndly. Thov are ..hown in connection with the larger veins and nor\'e8. 

j 3rdly. The deviations from that which has been taken as the standard condition of the arteries are 

j illiiKtrated in a series of sketches. 

! , 4thly. Such peculiarities of the veins, and occasionally of the nerves and muscles, as appeared likely 
j to be of importance in surgical operations, are represented on a reduced scale. • 

i The Letterpress, besides an explanation of, and remarks on the Drawings, contains — 

I A Series of Tables showing, in a short space, the condition of each of the larger arteries in about 290 
! bodies. 

I And some Practical CommentarieB, which consist for the most part of inferences from the facts pre- 
1 viously set forth, and their application in the performance of the operations of Surgery, 
i “In conclusion, we venture to predict, that the accuracy^ the originality, the sterling practical usefulness, 
and, comparatively speaking, the moderate price of this beautiful work, will soon place it not only in every public 
medical library in the United Kingdom, but in that of every professional man 'who feels deeply interested in ihe 
progress of anatomical science, or in the efficiency and perfection of operative surgery.” — Medical Gazette, 
Jan.ij, 1841. 

“ This is a work excellent both in its conception and execution, and meriting the warmest patrondgo of the 
profession. Judging from the specimens before us,, we believe that it will not only give us a much more accurate 
and more complete anatomy of the whole ayterial system than wc already possessed, but that it will give all the 
most precise information relating to every point connected with the blood-vessels and nerves which it most 
imports the practical surgeon to have. The plates do the highest credit to Mr. Maclise as works of art. In addi- 
tion to their beauty and accuracy, they have the great advautage of representing the objects of their natural 
magnitude; a point of first-rate importance in surgical anatomy. Most of them are also coloured. 

“ Considering these circumstances, it is surprising that the work can be offered to purchasers at so low a 
rate as twelve shiUings per Part, each containing five Plates.”— Brt^wA and Foreign Medical Beriew, Jan. 1841. 
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AN APPLICATION OF PROFESSOR LIEBIG’S PHYSIOLOGY to tiik PREVEN- 
TION AND CURE OK GRAVEL, CALCULUS, and GOUT. By H. Bkwc* Jonbs, M.A., Canteb. ; 
Licentiate of the Royal Collego of Physicians, London ; and Fellow of the Chemical Society. 8vo, 6i. 
“ In thus expressing our opinion of the practical value of this publication, it is satisfactory to find ourselves 
supported by Professor Liebig himself, under whose immediate auperiutendenee and sanction a translation into 
Gorman is now preparing.”— PAannnccMticai Journal. 


PHYSICAL DIAGNOSIS OF DISEASES OF THE LUNGS. By W. H. Walshe, 

M.B., Professor of Pathological Anatomy in University College, Physician to the Hospital for Consump* 
• tion and Diseases of the Chest, die. Fcap. 8vo. 6s. 6ti. (Just published.) 

“ The treatise is one of extraordinary merit. Indeed, we do not hesitate to say that there exists in no language any 
work on the physical diagnosis of diseases of the lungs, suited for students, so clear and precise, and, at the same 
Jtime, so comprehensive and practical as this.”— Brtfis/i and Fordim Medical Review. 


CONTPLETION pF MULLER’S PHYSIOLOGY. 

In Two Volumes 8tf0, each Volume 20jf., 

ELEMENTS OF PHYSIOLOGY. 

• BY J. MULLER, M.D., 

• Translated fr^ the German, with Notes, by Wiluasi 
Baly, M.JJ. With Steel Plates and very numerous 
Wood Engravings. 

“ We do, however, recommend it very strongly, and 
•we have no hesitation in saying that it will supersede 
all other works as a Text Book for Lectures, and one of 
reference for students. It steers a middle course be- 
tween the superficial brevity of many of our modern 
works, and the pleonastic and metaphysical jargon of 
Burdach.”— J/cfL Chir. Jiemew, April, 1838. 


MORTON’S SURGICAL ANATOMY. 

With Litho(;raphic Plates and WoodsUnt/r^vingsi 

THE SURGICAL ANATOMY 

or TUB 

PRINCIPAL REGIONS OP THE HITMAN BODY. 

BY THOMAS MORTON, 
Assistant-Surgeon at University College Hospital, one 
of the Demonstrators of Anatomy in the same College. 

I. THE PP:RINJEUM ; Four Plates and Tliree 
Wood Cuts. Royal 8vo, Gs. plain, 7^* Gd. coloured, 
“ We most cordially recommend Mr. Morton’s treatise, 
as a satisfactory guide in the dissection of the perinaeum 
and pelvis.” — Jiritish and Foreign M^tdical limiew. 


DR. QUAIN’S ANATOMY, BY DR. SHARPEY A 
MR. QUAIN. 

In One Vohnne, Geo, 

OR. QUAIN’S 

ELEMENTS OF ANATOMY. 

Pifth Edition. Edited by Richaiid Quain, Professor 
of Anatomy, and William Shahi'ey, M.D., I’rofessor 
of Anatomy and Physiology in University (.'ollcgo. i 
Illustrated by Engravings on Wood. 

The first %>ortion of the Volume is now readg, 
price 

Part II., completing the Work, earlg in October, 

NEW. DISSECTOR. 

In One Volume, crown Gvo, 71 G pages, 12*. 

DEMONSTRA'J'IONS OF ANAT OMY; 

A GUIDE TU THE DISSECTION OP THE 
HUMAN BODY. 

BY GEORGE VINHll ELLIS, 

One of the Demunstratars of Anatomy in Univemity College. 

” We tliink Mr. Ellis’s ‘ Demonstrations ’ are in 
e\ cry way fitted for the purposes for which they are in- 
teniled, and we therefore strtoigly recommend the work 
to the notice of every member of the profession. Wc 
arc convinced that it will quickly liecome the general 
’J'pxt Book of every working student in anatomy.” — 
British and Foreign Medical Review, January, 1841. 


ILLUSTRATED AND CHEAP EDITION OF 
DR. DAVIS’S MIDWIFERY. 

ready, in One Volume, Ovo, with a ito Volume of 
70 Plates, together U. 7s. Gd, cloth, or IL Gs. in Parts, 


ELEMENTS OF OBSTETRIC 
MEDICINE, 


WITH THS 


DESCRIPTION AND TREATMENT OF SOME OP 
THE PRINCIPAL DISEASES OF CHILDREN. 
BY I.AVID D. DAVIS, M.D., 

Late ProfeBBor bstetric Medicine in Univ. College. 
Second Edition. Accompanied by oil the Plates 
belonguig to the original 4to Edition. 

” Having, du i . a long series of years, accumulated 
a mass of imponaut facts, Dr. Davis is entitled to the 
thanks of established practitioners, and to the grati- 
tude of all the juniof members of the Profession, for 
thus presenting to them, in an agreeable form, the re- 
sults of an experience which it can be the lot of few, even 
eminent nhyaicians, to enjoy.”— No/ice of the First 
Edition.— Lancet, Sept. 22, 1832. 


H. THE GROIN, THE FP:M0RAL AND 
J’OPLITEAL REGIONS. Eight Lithographic 
Plates and I’Jcven Wood Engravings. Royal 8vo, 
i;i*. coloured ; 9*. plain. 

” The production is altogether one which we can con- 
scientiously recommend to the working student • • • 
The work will constitute a complete vid elaborate trea- 
tise, that cannot fail to be highly useful to surgeous in 
general .” — British and Foreign Medical Review, 

HI. INGUINAL HERNIiE, THE TESTIS, 
AND ITS COVERINGS. Five Plates, Eleven 
Wood Cuts. 12*. coloured ; !>*. ]>lain. 

‘‘ The present work is a worthy successor to those 
on the groin and nerinteuin, and will prove, we do not 
doubt, us great a uivourite with students.” — Med. Chir. 
Rev., April 1841. 

EIGHT PLATES OF THE HEAD AND 
NKCK, THE AXILLA, BEND OF THE EL- 
BOW, AND WRIST. With dcscriptivo Letter 
PrcbB. Royal 8vo. 13*. Coloured ; 7s. Gd. Plain. 

DRESSING AND BANDAGING- 

Fcap. Ovo, with 100 Engravings on Wood, cloth, 6s. Gd. 

THE SURGEON’S PRACTICaIS. 
GUIDE IN DRESSING, 

and in fllE METHODIC APPLICATION OF 
BANDAGES. 

BY THOMAS CUTLER, M.D., . ^ 

Late Stuff-Surgeon in the Belgian Army. Second Ed. 

ALLEN (Dr. M., of High Beech) ON THE 
CLASSIFICATION OP THE INSANE, 8vo, 6*. 

DAVIS (Dr. David D.) ACUTE HYDRO- 
CEPHALUS, OR WATER IN THE HEAD, an 
Inflammatory Disease, and Curable by the same 
means with other Diseases of Inflammation, 
8vo, 9*. 6d. 

HIND (G. W.) FRACTURES OF THE EX- 
TREMITIES, exhibited in 20 Plates and 40 
.Woodcuts. Folio, 11. 4s, cloth. 


A PORTRAIT OF R. LISTON, ESQ., 

Surgeon to University College Hospital. Drawn on 
Stone by Gauct, from the original by Eddia. Price 
2s. 6d. 
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WOKKS PUBLISHED BY TAYLOE AND WALTON. 


COMPLETE, 

Jn two vols, royal foliot half-hound morocco, gilt tops, price 12/. plain, 20/. coloured, 

A SERIES OF 

ANATOMICAL PLATES, 


WITH RKFERENCES AND PHYSIOLOGICAL COMMENTS, 


ILLUSTUATINU 

THE STRUCTURE OF THE DIFFERENT PARTS. OF THE HUaMAN BODY. 


EDITED BY JONES QUAIN, M.D., 

AND 

ERASMUS WILSON, 

LKOltTHBR ON ANATOMY AN1> PllYSrOI/lOY AT TUB MTDDLKSKX llOhlMlAL. 


THE WORK MAY 


\L<!0 bL ini) IN Sfa’iUATli PORTIONS, AS I'OLLOWS : — 


THE MUSCliFS OF THE HUMAN BODY. 
Koyal l-’olio, J>1 I'lutes. 'Jt. 16s plain ; 51. 5s. 
full coloured. 

THE VESSELS 01^^ THE HUM AN. BODY. 
Koyal Folio, fiU Plates. 2/. 14jf. plain; .'M. IOa. 
with tlio VcHBcla coloured, 

THE NERVES OF THE HUMAN BODY. 
Koyal I'olio, Utl Plates. 2/. 4s. plain ; 4/. 2s. full 
coloured. I 


THE VISCERA OF THE HUMAN BODY, 

Iniludino 'jhk Oroa.ns ok l>i(,h.snoN, |{kspih\ 

TION, hKCRlTION, AM> lOXdlKTION. Kojill ImiIIo, 

.32 Plates. I’lieo )/. IH*'. plani; 3/. 10a. eoJouied. 

THE BONKS AND LIO AMENTS. Ro>:il 
Folio, 30 Pliites Plioe 2/. plain; 21. i.'is. 
colouicd. 


The cntiio W'^ork consists of 101 Numbers, and 2 SupjdcnKfiits, ('oniaining 201 PJatis, 
besides Indexes, &r. 


RE-ISSUE OF TIIE WORK IN WEEKLY NUMBERS. 


ON THK FMtST OK OCTOIIBR WAS I’UBLISHBl), 

JV^o. 1, to he continued Weekly, 2s. Plain, is. Coloured .• 

THE MUSCLES OE THE HUMAN BODY. 51 Pi,ates. To be conipk-led in 20 Nes. 

Each Division will be comyleUd separatily as follows ; 


THE MUSCLES, 51 Plates (20 Numbers). 
THE VESSELS, 50 Plates (25 Numbers). 
THE NERVES, 38 Plates (20 Numbers). 


THE VISCERA, including the Oigsins of Digtst- 
ion, Respiration, Setretion, and Excretion. 
32 Plates (l7 Numbers). 

TIIE BONKS AND LIGAMENTS. 30 Plates 
(18 Numbers). 


Each Weekly Number ivill contain Two Plates, with Letterpress, price 2s. plain ; 4a. coloured. 
The Numbers containing the Vessels and Bones will be only ftr. 


HRADBURV and RYANS. PHINTKnS, WHITJBKIIIARS. 







